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NOMENCLATURE

Heat transfer area, including hole area (see Fig. 1.1).
Hole cross—-sectional area (see Fig. 1.1).

Test section plate surface area.

Blowing parameter, F/St(6=1).

Specific heat, mainstream fluid.

Skin friction coefficient, T, = c./2 pwui.

Electrical power supplied to plate.

Emissivity of plate to determine Qrad'
Blowing fraction (mjet/A)/(QmUw).

Heat transfer coefficient, q;/(TO-Iw), with wall mass flux
(transpiration or film cooling)

Heat transfer coefficient, qg/(To- Taw)’ with film cooling.
Heat transfer coefficient, without wall mass flux.
Velocity profile shape factor, 51/52.

Thermal conductivity.
Conductance between plate and cavity to determine Qcond'

Conductance to determine Q .
flow
Conductance-area product to determine T2.

Mass flow rate.
Blowing parameter, (DZUZ)/(DmUm).
Hole spacing, or pitch (see Fig. 1.1).

Prandtl number, Uuc/k.

Wall heat flux, QCONV/Atot'

Heat transferred from plate to cavity and adjacent plates to

determine Qlosses'



Qeonv

Qflow

Qlosses

e

rad

Re
X
ReG

ReA

St
St

SCFM

Heat transferred from plate by convection to define Stanton
number.

Heat transferred from plate to secondary air flow.

Heat transferred from plate other than by convection, Qcond

Qflow T Qrad'
Heat transferred from plate by radiatiomn.

Recovery factor, Pr0'33.
x-Reynolds number, (x—xvo)qm/v.

Momentum thickness Reynolds number, quw/v.

Enthalpy thickness Rey-olds number, AzU&/v.

Oe

Conductance between adjacent plates to determine cond”
Stanton number, h/(q»cqm), see Eqn. (2.1).

Stanton number at M = 0.

Injectant flow rate through one tube.

Temperature.

Temperature of secondary air delivered to test section.
Non-dimensional temperature, (T-T ) cf/2/{(To—1”)St}

Mainstream stagnation temperature, T + {rqi}/{chJc}

Velocity component, x-direction.

Friction velocity, gcTo/po, determined by Clauser plot method.
Non-dimensional velocity, U/UT.

Distance along surface, measured from nozzle exit.

Distance, nozzle exit to virtual origin of turbulent boundary layer.
Non-dimensional distance, XUT/V.

Distance normal to surface.

Non-dimensional distance, yUT/v.
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Greek Letters

a Hole axis angle, measured from surface in the flow direction.
B Hole axis angle, measured from surface in the spanwise direc-
tion.
8() Uncertainty in ()
) Boundary layer thickness where U/U_ = 0.99.
® U
61 Displacement thickness, f ( - —p—U—) dy.
o poo o
® pu U
§ Momentum thickness, £ 1 - = dy.
2 p. U U
0 o o (=]
o T -T
A Enthalpy thickness, U = dy.
2 p. U T -T
o (eI~ o) o
n Adiabatic wall effectiveness, (Taw-im)/(Tz-ﬂx).
¢ Temperature parameter, (Tz-—I;)/(To— T.)
S} Dynamic viscosity.
v Kinematic viscosity.
P Density.
o] Stefan-Boltzmann constant.
0] Function in 6 = 1 data correlation,

{st(®=1) /Sto}/{ﬂ,n(l +B,) /Bh} .
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SUMMARY

An experimental study of heat transfer was conducted on a turbulent
boundary layer with full-coverage film cooling through an array of holes
inclined at 30° to the surface and 45° to the flow direction (compound-

angle injection). Heat transfer coefficients, based on (t

),

wall = tstream
were measured over a range of injectant flows (M =0 to M= 1.5) and

Reynolds numbers (1.6 X 105_§ Rex < 2.5 % 106) at velocities between
9.8 and 16.8 m/s.

Compound-angle injection gives better thermal protection than in-line,
slant-hole injection, but the beneficial effect is minimal in the first
six rows of holes. For a value of M = 0.37 the heat transfer coefficient
with compound-angle injection was the same as for the slant-angle injection
after six rows, but was only one-half the slant-hole value after 11 rows.

The data for compound-angle injection show the same general features
as for slant-angle and normal Injection. Within the blown region, Stanton
number decreases rapidly, with the minimum at the last row of holes. Re-
covery is rapid after the last row of holes, with the heat transfer return-
ing to a conventional smooth-plate correlation. The data for M = 0.4
show the lowest values of Stanton number. Pitch-to-diameter ratio of 10
provides less thermal protection than 5, for the same value of M.

Stanton numbers are defined using the difference between wall temper-
ature and stream temperature as the potential difference. Data are pre-
sented for injectant temperature equal to the wall temperature and
injectant temperature equal to the stream temperature. Superposition can

be used to predict the Stanton number for any intermediate temperature.

viii



Chapter 1

INTRODUCTION

1.1 Background

When high-temperature gases pass over a surface there may be exces-
sive heat transfer to the surface, and it is of practical interest to
investigate various methods of thermal protection. Full-coverage film
cooling is one such method. Film cooling is accomplished by injecting
gaseous coolant through holes in thesurface and into the boundary layer.
The coolant, when distributed properly over the surface, acts as an
effective heat sink and protects the surface from the high-temperature
mainstream gases.

One application for film cooling is in protecting the blades and
valves of high-temperature gas turbine engines. In high-pressure gas tur-
bine engines it is desirable to increase the turbine inlet temperature,
since this improves the thermodynamic efficiency. This raises problems,
however, in internal protection. Accurate heat transfer data are criti-
cally important for the design of cooliug systems. Esgar et al. [1] in-
dicated that in the critical temperature range a reduction of about 20°F
in the blade temperature could double the life of the blade. Cooling over
the entire exterior of the surface may be accomplished either by transpi-
ration (cooling using a porous blade surface) or by full-coverage film
cooling through an array of small, discrete holes which cover the entire
blade surface. Either method will allow a mainstream gas temperature well
above that which would otherwise cause failure. Transpiration cooling
appears to be impractical because of the low structural strength of the
porous surface, and because of susceptibility to clogging of the pores by
combustion products, especially during accidental engine backfires. Dis-
crete-hole, full-coverage film cooling seems more practical, at the pres-
ent stage of development.

The work reported herein is an experimental study of heat transfer to
the turbulent boundary layer over a full-coverage film-cooled surface with

compound angle (30° and 45°) hole injection.



1.2 Literature Review

The blade-cooling literature can be divided into two parts -- trans-
piration cooling (the limiting case where the individual holes are very
close together and small relative to the sublayer of the boundary layer)
and discrete-hole film cooling.

Transpiration cooling through a uniform porous plate has been very
well investigated [2,3,4,5,6,7,8,9].

A general review of discrete-hold film cooling can be found in Gold-
stein [10] and, more recently, by Choe et al. [11] and Crawford et al. [12].

Only the most relevant tepics will be treated in the present work.

1.2.1 Experimental Works

Wieghardt [13] investigated the de-icing problem on an airplane wing
using a two~dimensional slot with injection nearly parallel to the surface.
He correlated his experimental results in terms of an adiabatic wall effec~-

tiveness, T, and a parameter X/(S M), where 1N 1is defined as

T -T
A ©
U (-5
2 co

X 1is the distance downstream from the slot, § is the width of the slot,
and M is the ratio of the injectant mass flux to the free-stream mass
lux. T, 1is the free-stream temperature, T, is the injectant tempera-
ture, and Taw is the temperature assumed by an adiabatic wall downstream
from the slot.

Le Brocq et al. [14] investigated the effects on 7N of hole-pattern
arrangement, injectant angle, density ratio (coolant/mainstream), and
blowing ratio. Their investigations were mainly carried out by plates
with a pitch-diameter ratic of 8. Both in-line and staggered hole pat-
terns were studied with normal injection (hole axis perpendicular to the
surface). The staggered pattern was also tested with 45° downstream—angled
injection. The results of their investigation concluded as follows:

(i) the staggered hole pattern was more effective because the jets pene-
trated less into the boundary layer; (ii) there existed an optimum blowing
ratio for which n was a maximum, and above which n decreased; and (iii)

angled injection was more effective than normal injection.
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Metzger et al. [15] 1investigated both effectiveness and heat trans-
fer on a full-coverage surface with normal holes spaced 4.8 diameters
apart and arranged in both in-line and staggered patterns. They based
their values of heat transfer coefficient on the difference scheme —-
local surface temperature and adiabatic wall temperature. Their investi-
gation concluded that a staggered pattern yielded a higher effectiveness
than did an in-line pattern, and that h* could be 20 to 25 percent
higher than h0 (without film cooling).

Mayle and Camarata [16] studied the effects of hole spacing and blow-
ing ratio on heat transfer and film effectiveness for a staggered-hole
array with compound-angle injection. The holes were angled 30° to the
plate surface in the downstream direction and 45° to the flow direction
in the spanwise direction, with P/D of 8, 10, and 14. They concluded
that higher effectivenesses were obtained with P/D of 10 and 8 than with
P/D = 14, regardless of coolant-flow ratio. They also found a blowing
ratio that yielded a maximum n, and that the heat transfer coefficients,
h*, were significantly higher than ho. Values of h* were found to be
almost constant for all M at P/D = 8, but only for high blowing ratios
with a P/D = 10. Downstream of the last row of holes, h* rapidly re-
turned to ho'

Choe et al. [11] investigated the effects on heat transfer of hole
spacing, blowing ratio, mainstream velocity, and initial conditions upstream
of the discrete-hole array, using normal injection at P/D =5 and P/D =
10. Stanton number data were taken for two values of injectant temperature,
and linear superposition was shown to predict Stanton number as a continu-
ous function of injectant temperature. The two conditions tested were:
injectant at surface temperature (8 = 1.0) and injectant at free stream
temperature (6 = 0.0). The data were correlated using the same parameters
used with transpiration investigations. Their results concluded that:

(i) for a given injectant flow ¥, holes spaced at P/D = 5 produced bet-
ter cooling than holes spaced at P/D = 10; (ii) in the initial negion
there was not much cooling and, in fact, St/St0 could be greater than
unity; and (iii) the ratio St/StO rapidly returned to unity in the down-

stream recovery region.



Crawford et al. [12] continued the series of Choe et al. [11] with
30° slant-hole injection, holding all other parameters identical to those
used in [11]. Their study showed that, when the injectant temperature was
equal to the plate temperature, a blowing ratio, M, of about 0.4 gave
the minimum Stanton number, while higher blowing ratios resulted in higher
Stanton numbers. Blowing ratios above 1.5 could produce Stanton number
larger than that without film cooling. Within the first few rows of holes,
Stanton number values were found to be affected by the upstream momentum
thickness and by the ratio c¢f thermal-to-momentum thickness. The data
showed a slight dependence upon mainstream velocity, and spacing holes
10 diameters apart produced less effect on Stanton number for the same
value of blowing ratio.

Metzger and Fletcher [17] investigated heat transfer and adiabatic
wall effectiveness for discrete-hole injection, while Eriksen [18] mea-
sured laterally averaged heat transfer coefficients and cooling effective-
ness. Launder and York [19] studied the effect of slant angle and accel-
eration on the same geometry as Le Brocq et al. [14]. Burggraf and
Huffmeire {20] measured n and h* for the case of two rows of holes.
Nina and Whitelaw [21] studied cooling effectiveness with tangential injec-
tion through a row of circular holes.

Ramsey and Goldstein [22] measured temperature profiles, velocity pro-
files, and turbulence intensity profiles downstream of a single injection
hole, with turbulence data and the velocity profiles taken by a hot-film
probe. Metzger et al. [23] reported the heat transfer behavior on a full-

coverage, film-cooled surface.

1.2.2 Analytical Works

Presently there are three methods available to predict wall tempera-
ture, f£film effectiveness, and heat transfer coefficient: (i) boundary
layer finite-difference methods, (ii) energy integral equation methods,
and (iii) superposition of single-jet effectiveness data.

Goldstein et al. [24] and Eriksen et al. [25] described a method for
predicting cooling effectiveness for individval jets. Injection was mod-
eled as a point heat source located above the wall, and a reduced form of

the energy equation was solved and ncrmalized to give effectiveness as a



function of both spanwise and streamwise distance. Mayle and Camarata
[16] developed an improved superposition method to predict the full-
coverage data. Their prediction equation contained two parameters, each
a function of M and P/D.

Pai and Whitelaw [26] and Patankar et al. [27] investigated predic-
tion of wall temperature and effectiveness downstream of two- and three-—
dimensional film-cooling slots. For two-dimensional slots, the boundary
layer differential equations were solved using a mixing-length hypothesis
to model the eddy viscosity. The mixing length was augmented algebra-
ically to reflect the large increase in turbulent mixing associated with
the injection process. For three-dimensional slots, the Navier-Stokes
equations were reduced to elliptic in the cross—plane while held parabolic
in the direction of flow, and then solved numerically. Again, a mixing-
length hypothesis was used, with an algebraic augmentation to account for
increased turbulent mixing.

Choe et al. [11l] and Crawford et al. [12] developed both integral
and differential analyses to predict their data. Choe et al. [11] devel-
oped a finite-difference method for predicting heat transfer with full-
coverage film cooling. Their equations used local averaging, with models
for the injection process, the nonlinear terms, and the augmented tﬁrbu—
lent mixing. With local averaging, the area for averaging moves continu-
ously, centered upon the nominal values of x. With this concept, they
were able to model the injection process as transpiration rather than dis-
crete injection. The nonlinear terms were modeled by decomposing them
into two parts, interpreting one part to be a contribution to increased
turbulent mixing and the second part as a momentum or energy source. The
augmented turhulent mixing was modeled using an algebraic equation. Choe
et al. [11] predicted most of their Stanton number data for low and mod-~
erate blowing ratios and P/D = 5 and 10. Crawford et al. [12] later
used the same concepts in their prediction of Stanton number data for the

blowing ratio range 0.2 <M < 0.75 at P/D = 5.



1.3 Heat Transfer with Film Cooling

In full-coverage film cooling the injectant can leave the surface
with a temperature, T2, different from To’ while in transpiration
cooling the injectant temperature T2 is always the same as that of the
surface temperature To. Film cooling is a three-dempterature-potential
problem.

The conventional convective rate equation is given as:

Q = h (T -T) (1.2)

where To is wall temperature, Taw is the adiabatic wall temperature,
and h0 is the heat transfer coefficient in the absence of film cooling.
In order to evaluate ég, the adiabatic wall effectiveness, n, must be
known from experiment, as well as h0 (the value of h at the same

x-Reynolds number with no blowing).

- T .- T,
Ty~ T,

(1.5)

where T 'is the mainstream temperature and T2 is the injectant coolant
temperature. Thus two types of data are required, the first to establish
n from the insulated surface as a function of blowing ratioc M and the
second to get ho in the absence of film cooling.

Choe et al. [11] abandoned the n and h0 approach and used the

following equation:
." —_ -
Qo = h(T0 T.)) (1.3)

where T,

is the actual heat transfer coefficient. Using Eqn. (1.3), the dependence

is plate temperature, T is mainstream temperature. Thus h

of the Stanton number upon injection temperature can be described in terms

of the parameter, 0,

T, - T,
6 = T T (1.4)
o (]



The heat transfer Stanton number, -St, cén be obtained for an arbi-
trary value of 6 (all other parameters fixed) using two fundamental ex-—
perimental points: © =0 and 6 = 1. Then, taking advantage of the
linearity of the constant-property thermal energy equation, superposition

can be used to determine St for any other values of 0:
st(6) = St(6=0) - O6x[St(6=0) - St(6=1)] (1.5)

One of the important hydrodynamic parameters is given in terms of blowing

ratio, defined as the ratio of the injectant—-to-mainstream mass flux:

(1.6)

or averaged over the area associated with one hole, as shown in Fig. 1.1.

_ m'et/A _ ﬂDZ
F = —3————U = M— (1.7)
Peo"eo 4P

1.4 (Qbjectives for the Present Research

The objective of the present study was to provide an experimental
data base useful in developing methods of predicting surface heat flux on
a full-coverage film-cooled surface with compound-angle injection.

The desired data consist of spanwise-—averaged heat transfer coeffi-
cients within the discrete-hole array, and in the downstream (recovery)
region after the final row of holes. Initial velocity and temperature
profiles were to accompany the data. The range of conditions covers dif-
ferent blowing ratios and upstream initial conditions, with two injectant
temperatures, 6 =0 and 8 = 1 at each blowing ratio. The test surface
configurations include P/D =5 and P/D = 10.

A secondary objective was to test an integral analysis for correlating
the data.

Mr. Stédle Rustad designed the Vortex Control Flow System and carried
out a preliminary investigation of the flow field.

~J
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Fig. 1.1. Hole-pattern and heat transfer area for compound

angle hole injection test surface.




Chapter 2

EXPERIMENTAL APPARATUS AND GENERAL APPROACH

2.1 Discrete Hole Rig

The heat transfer apparatus used in this experiment, the Discrete
Hole Rig, was basically the same as that of Choe et al. [11] and Crawford
et al. [12], except for the addition of a vortex control system. The
Discrete Hole Rig is a closed-loop air tunnel which operates at ambient
pressure and controlled, constant temperature. The test plates, fore-
plates, and afterplates can be heated as much as 20°C (36°F) above the
temperature of mainstream air. A secondary system delivers the blowing
air, heated or cooled, to the test section.

The vortex control system is a secondary loop which sucks air from
one side of the test suction and injects it again at the opposite side
wall, to control the cross flow inherent in compound-angle injection.
Fig. 2.1 shows a schematic of the system. Fig. 2.2 shows the overall

view.

2.1.1 Primary Air Supply System

The main loop is driven by a blower which delivers air through a uni-
form pressure header and a heat exchanger. The air then passes through a
plenum chamber, a screen pack, and a rectangular nozzle before entering
the test section. Flow leaves the test section through a plenum box serv-
ing both the secondary and the primary blower. The test duct is 20.3 cm
(8 in.) high by 50.8 cm (20 in.) wide by 3.05 m (10 f£t) long in the flow
direction. The tunnel velocity is varied by,chénging pulleys and belts
on the fan and motor in the range of 9 m/s (30 f£t/sec) to 38 m/s (115
ft/sec).

The working section comnsists of an upstream foreplate, a test section,
and a downstream afterplate. The sidewalls and topwall of the tunnel are
plexiglass, with the topwall flexible so that any-desired pressure gradient
can be set in the flow direction. TFor the present experiments, the top-

wall was set to give a uniform static pressure in the flow direction




for each run. The deviation was not mroe than 0.25 mm of water pressure
difference from the beginning of the test section to the downstream edge

of the afterplate.

2.1.2 Secondary Air Supply System

The secondary loop is driven by a blower which delivers air through
an oblique header into a secondary heat exchanger to control the blowing
air temperature. The flow passes through the heat exchanger, a bank of
finned heaters, and a screen pack, and then enters a plenum box.

i splits the secondary flow into 11 channels,
one for each row of holes. Valves in each of the 11 channels regulate the
flow, row by row. Hot~wire flowmeters installed in the delivery tubes mea-
sure the secondary air flow rates. TFour of the delivery tubes had to be
relocated for the present experiment, and all 11 were recalibrated. The
results of the calibration of the flowmeters are documented in Appendix I.
Each distribution manifold (also calibrated -- see Appendix II) contains
eight or nine trim-adjust valves for assuring uniform flow rate, within

2 percent, to each of the eight or nine holes in the row.

2.1.3 Vortex Control System

The Vortex Contrcol System sucks away the corner vortices built up by
secondary flows on the sidewall and delivers the air to the opposite side-
wall, where it is reinjected.

The flow rate can be regulated so as to "swallow" the corner vortex
buildup. This allows the injected secondary air to achieve a uniformly
vectored flow over the recovery region and test plates. Fig. 2.3 shows a

plan view of the Vortex Control System:

2.1.4 Foreplate/Afterplate Heating System

The foreplate and afterplate are heated by a closed-loop hot water
system which operates with continuous water flow. Recirculated water rums
through two water heaters in series and is delivered to rectangular tubes

built into the foreplate and afterplate. From the exit manifold the water

10




is returned to the recirculation pump. Water temperature is held con-
stant using a proportional controller connected to one of the heaters.
The preplate can be disconnected for tests with an unheated starting

length.

2.1.5 Heat Exchanger Cooling Water System

The heat exchanger cooling system is a semi~closed loop system which
continuously circulates water from an insulated holding tank. Flow rate
i1s maintained high enough to ensure uniform temperature of the mainstream
air being cooled. The secondary air heat exchanger is also part of this
system. Temperature control of the cooling water is achieved by dumping
a portion of the recirculated water and resupplying with make-up water from

a cold water supply main.

2.1.6 Test Plate Electrical Power System

The test plate electrical power system delivers heater power to each
of 12 plates that comprise the discrete-~hole test section. Power is sup-
plied from a 120 volt AC, 1¢ source through two voltage stabilizers and
12 variable transformers. A switching circuit allows a wattmeter to be

inserted for plate power measurements.

2.2 The Test Surface

The floor of the tunnel consists of three sections: a foreplate, a
test section (blowing region), and an afterplate. The foreplate and after-
plate are thermally isolated from the test section, and the three surfaces

are leveled to have a continuous, smooth surface.

2.2.1 Discrete-Hole Test Section

The test section comnsists of 12 copper plates supported on an alumi-
num frame. The assembly is 56 cm wide and 62 cm long in the flow direc-
tion. The individual copper plates are 0.6 cm deep by 45 cm wide and are
5 cm long in the flow direction. The first plate has no holes. The 11
that do alternate nine holes and eight holes. Each of the 94 holes is

connected to an individually adjusted flow tube. The holes are each

11



1.03 cmn in diameter and are spaced 5.15 cm apart, to form a staggered-

hole array. Fig. 2.4 shows an overall view of the test section.

The plates are heated by resistance wires installed in slots machined
into the back side of each plate. Two resistance wires for each plate
gives a desired uniform plate temperature, as copper is a good conductor.
The wire is made of size AWG (28) Chromel wire, and bussed at one end with
copper wire to give an overall resistance of about 8 Ohms. Four iron-
constantan thermocouples, made of 30 AWG duplex wire, are embedded into
the back side of each plate. Each thermocouple is located midway between
two adjacent holes.

The plates are supported on phenolic cross ribs, except for the two
end plates, which are supported from the aluminum end rails of the frame.
The siderails of the frame have water passages for heating, to control
conduction heat loss from the plates. Heating water tubes on the bottom
plates, parallel to the cross ribs, serve to regulate the cavity tempera-
ture, again to control conduction heat loss.

The air delivery tubes are glued into recesses cut into the back side
of each plate. The tubes, made of linen phenolic, extend back from the
plate surface for a distance of 35 cm, and Gates Safety Stripe Heater Hose
of 1.60 cm (5/8 in.) diameter is connected between each tube and its dis-
tribution manifold tube. Three tubes in each plate have iron-constantan
thermocouples located upstream of the point where the tube enters the frame
cavity. The cavity is loosely packed with insulating material to minimize

heat loss from the back sides of the plates.

2.2.2 Foreplate and Afterplate

The foreplate and afterplate of the test surface are identical in
design. Each plate has 48 cells 2.6 cm long in the flow direction, made
of a rectangular tube (wave guide) insulated on the back and separated from
each other with thin spacers. Hot water is run through 24 of the cells in
each plate for temperature control. The heated halves of the foreplate and
afterplate are adjacent to the test section (blowing region). Each cell
is covered with three layvers of thin bakelite and topped by a thin copper

strip. The middle laminate was machined out to make room for a 5-cm-wide
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heat flux transducer. An iron-constantan thermocouple is embedded in a
groove in the back side of each thin copper plate, directly above the heat

flux transducer, for plate temperature measurement.

2.3 Rig Instrumentation and Measurement

Measurement techniques for the various physical quantities used in
computing Stanton numbers or velocity and temperature profiles are de-
scribed in this section. The uncertainties in measurements are also given,

obtained by the procedure described by Kline and McClintock [28].

2.3.1 Temperature

All temperatures were measured by iron-constantan thermocouples. The
wires were calibrated against a precision quartz thermometer (Hewlett-
Packard Quartz Thermometer), and the resulting calibration curves were
used in the data-reduction program.

The thermocouple wires were brought into uniform temperature zone
boxes and attached to selector switches. To eliminate sharp temperature
gradients along the wires, all the wires were sheathed in polyflo tubing
from the point of origin to the zone boxes.

Thermocouples were embedded in the test section plates, siderails,
and endrails with adequate immersion depth, to elimiante conduction error.
The four thermocouples in each plate were read individually, at first, to
ensure that each plate did operate at near-isothermal conditicns. The
two middle thermocouples of each plate read the same, and they were con-
nected in parallel.

The temperature of the mainstream air was measured with a thermo-
couple whose junction was normal to the flow. The indicated temperature
was corrected for velocity error following the procedure described by Mof-
fat [29], with the recovery factor of the gas taken to be the Prandtl
number raised to the one-third power. The total temperature was used in
formulating the Stanton number for high-velocity data.

Uncertainty in a thermocouple mezsurement is believed to be 0.14°C

(0.25°F).
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2.3.2 Velocity and Temperature Profiles

Velocity profiles were measured by traversing the boundary layer with
a round, 0.5 mm outside diameter pitot probe. The resulting dynamic pres-
sure was measured with a Validyne pressure transducer (Model DP45, Range
+ 1" HZO)’ which was calibrated against a Combist Manometer with an un-
certainty of about 0.05 mm of water.

Temperature profiles were measured by traversing the boundary layer
with an 0.08 mm diameter Chromel-constantan gocseneck thermocouple probe
suggested by Moffat [33]. The probe was calibrated against a Hewlett-

Packard precision quartz thermometer to give an uncertainty in temperature

of 0.08°C.

2.3.3 Secondary Air Flow Rate

The hot-wire flowmeters used to measure secondary air flow rate were
recalibrated for the experiments. Each flowmeter has a constant-current
heating element and a thermocouple circuit which measures the temperature
difference between the upstream air and the heating element. The flow-
meters were installed at the downstream end of the delivery tubes and
clajbrated in place. The calibration constants of the flowmeters are in-
corporated into the data-reduction program. Uncertainty in secondary air

flow rate for a row of holes was about 3 percent.

2.3.4 Pressure

Tunnel static pressure and mainstream dynamic pressure were measured
with a Meriam inclined-tube manometer (Model 40GD10WM, Range 2" HZO)' The
mainstream dynamic pressure was measured with a Kiel probe which was in-
sensitive to the small changes of yaw angle. Uncertainty in these pressure
measurements was 0.25 mm water. This also applies to the zero pressure

gradient tunnel condition.

2.3.5 Afterplate Heat Flux

Heat flux from each afterplate cell was measured by a heat-flux meter
previously calibrated by Choe [11] and Crawford [12] to account for heat

loss through the meter to adjacent plates and to the plate surface. Their
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calibrations are used in the present data-reduction program. Uncertainty
in the heat-flux meter measurements was believed to be about 3 percent of

calculated heat flux.

2.3.6 Test Plate Power

The power delivered to each of the discrete-hole test plates was mea-
sured by a precision AC wattmeter into the plate power circuit. A circuit
analysis was carried out to account for insertion loss. The insertion loss
analysis and the wattmeter calibration are incorporated into the data-

reduction program. Uncertainty in plate power measurement was 0.24 watts.

2.3.7 Summary of Uncertainty Intervals

This section summarizes the uncertainty intervals already described.

Variables Uncertainty Interval
Temperature, except probe 0.14°C
Temperature, probe 0.08°C
Dynamic pressure 0.25 mm of H20
Static pressure 0.25 mm of HZO
Velocity profile 0.05 mm of H,0
Secondary air flow rate 3%

Heat flux measurement 3%
Power measurement 0.24 watts

2.4 Formulation of the Heat Transfer Data

Experimental heat transfer data from the discrete-hole test plates

will be described in terms of a Stanton number as:

Q
conv
St = (2.1)
Atot.:p‘mI'Ix’C (To I”r)
where éconv is energy transfer from the test plate to the boundary layer
by forced convection, A is the planform area of one test plate (width

tot
X length), p, 1is density of the mainstream air, U is the mainstream

velocity, Cp is specific heat of the mainstream, T0 is plate tempera-

ture, and an is the mainstream stagnation temperature.
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To evaluate Qconv from the power supplied to the plate requires a

model for the heat transfer behavior of the experimental system. The con-

servation of energy principle can be written as:

Rate of Rate of Rate of Rate of Increase
Creation = Energy - Energy + of Storage of (2.2)
of Energy Outflow Inflow Energy
Applying Eqn. (2.2) to the test plate, éconv becomes
Qconv = E supplied - Q losses (2.3)
power to
plate

The energy losses in Eqn. (2.3) are decomposed into

Q losses = 6 (2.4)

rad + Qcond * Qflow

where Qrad is thermal radiation from the test plate top, QCond is heat
conduction between adjacent plates (or between the end plates and the pre-
plate and afterplate) and between plate and frame, and éflow is energy
transfer by convection from plate to the secondary air as it passes through
the plate.

Experimental heat transfer data from the afterplates are also presen—
ted in terms of a Stanton number by replacing éconv/Atot in Eqn. (2.1)
with the heat flux indicated by the imbedded meters. Eqn. (2.3) was used,
in which é losses consisted only of érad and écond'

The following sub-sections will describe heat loss components and the
secondary air exit temperature measurements, along with energy balance
closure tests based on Eqns. (2.3) and (2.4). The uncertainty in Stanton
number is also discussed. Values of the constants used inthe following
sections are contained in the Stanton Number Data-Reduction Programs in

Appendix III.
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2.4.1 Conduction Energy Balance

A conduction energy balance was performed by experiments of the type
described by Choe et al. [11]. The sidewalls and top wall were removed
and a2 9 cm (3-1/2 in.) thick styrofoam block was placed on top of the test
plates. The plates were then heated to a uniform temperature and the frame
and cavity cooled by the cold water supply. In this mode, the only energy
transfer is by conduction to the frame, and the electrical power supplied
to each plate can be attributed to its conduction energy loss, modeled as:

Q = Ry(r  ,-T )+ ST, T )

cond, i ,1 cav,i ,1 0,1+l

(2.5)

+ S T .-T

i—l( 0,1 o,i—l)

where the subscripts denote the plate under consideration and its adjacent
plates, K and S are the conduction energy loss constants, and Tcav is
effective cavity temperature.

The S conduction energy—loss constants between the last test plate
and the afterplate, and the first plate and the foreplate, were measured
during the process of heat-flux calibration, as described by Choe et al.
[11]. The calibration unit contains three heaters, of which the middle
one is heated by D.C. power and the other two by A.C. power. The calibra-
tion unit was placed over the area in which the last test plate (or the
first test plate) joins the afterplate (or the fereplate), and the other
two heaters over its adjacent plates. Then the heaters were operated in
three modes:

¢ the same power to all heaters;

e one of the guard heaters off; and

e both guard heaters off.

An energy balance for the middle plate leads to three equations for three
unknowns, so that the values for S between the cell and the plate can
be obtained.

The S conduction energy loss constants between adjacent plates
within the test section were calculated by Crawford et al. [12]. Heat

transfer results are not very sensitive to these values at all, because
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all the plates were kept at the same temperature within a fraction of a
degree, during testing.

The conduction energy loss constants K, were calculated from the

measured plate and cavity temperatures and piwer delivered to the plate
using Eqn. (2.5). In the calculations, energy loss through the styrofoam
was considered to be 11 percent of the power provided, since the styro-
foam had only 5 ~ 6 times the thermal resistance of the insulation between
the plate and the frame.

The definition of effective cavity temperature was based on an analy-
sis of the frame-temperature distribution. The frame was instrumented
with two thermocouples in both the front and rear aluminum rails of the
frame, and three thermocouples along each of the two aluminum side rails.
From the resulting temperature field, the effective cavity temperature was
calculated by linear interpolation of the ten measured temperatures.

Since the cavity was composed of low thermal conductivity packed insula-
tion, the base plate temperatures had a negligible influence on the plate
conduction energy losses. In the actual heat transfer run, the side rails,
end rails, and bottom plates were heated nearly to plate temperature to

minimize the conduction energy losses, and a precise formulation of the

effective cavity temperature is not required.

2.4.2 Secondary Air Exit Temperature

The secondary air exit temperature was different from its inlet tem—
perature due to energy transfer between the air and the test plates. An
experiment was carried out with a 9 cm (3-1/2 in.) thick styrofoam block
covering four adjacent copper plates. Machined holes in the block allowed
secondary air to pass through the block. The block served as insulation
to the secondary air stream and also as mixers for achieving the mixed
mean temperature at the exit.

For the experiment, all 12 of the test section plates, the frame side
walls, and the bottom plates were heated to the same temperature to mini-
mize conduction loss. Hence, considering the four test plates, the only
energy transfer was from the plate to the secondary air. To further guard
against the effects of conduction between plates, only the data obtained

from the inner two plates, out of the four test plates, were used for
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determining the convection energy transfer. The following measurements
were made: (1) power supplied to the four test plates under the styrofoam
block, (ii) plate temperature, (iii) secondary air exit temperature leav-
ing the styrofoam block, (iv) secondary air inlet temperature four inches
upstream, and (v) the secondary air flow rate. The heating of the exit
air temperature can be modeled by considering the system as a heat ex~

changer whose effectiveness, €, is:

A T2 - T —Ntu
£ = T——_——%- = 1 -e (2.6)
ave g

where T2 is secondary air exit temperature, Tg is the inlet tempera-
ture, and Tave is the arithmetic average of the test plate and cavity
temperautre, calculated by linear interpolation of the measured siderail

temperatures, and

A UA _ Kcowv
T e SCFM
mC

N (2.7)

tu
Here U is the total conductance of the system, A 1is the contact area,
m is the mass flow rate, Cp is the specific heat, SCFM 1is the volume
flow rate of the secondary air, and KCONV is a constant proportional to
the conductance UA, which is a function of flow rate. From the measured
temperature and flow rate, using Eqns. (2.6) and (2.7), KCONV was calcu-
lated. The following correlation was obtained:

KCONV = 0.1433 scrm’~002 (2.8)

This expression is valid for nine hole rows. If a row has n holes,
SCFM was corrected by 9/n to get the proper flow rate in the individual
holes; then KCONV was calculated.

It is necessary to know what portion of KCONV came directly from
the copper plate and what portion came from the cavity, through the tube.
Energy transfer by convection between the plates and secondary air as it

passes through the plate can be modeled as

Q10w KFL(TO-TZ) (2.9)
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where KFL is the partial conductance area product (for the tube/lip
region), To is the plate temperature, and T2 is the secondary air
exit temperature.

From the measured temperature and power supplied to the inner two
plates under the styrofoam, using Eqn. (2.9), KFL was calculated.
Then KFL was correlated as a function of flow rate as

KFL = 0.1472 scr->%80 (2.10)

This expression is also valid for nine hole rows, so that n hole rows
should be adjusted in the same manner as KCONV.

Choe et al. [11] estimated KFL theoretically using the three differ-
ent regions of flow rate; i.e.,, KFL had three separate functions according
to the flow rate. But KCONV was correlated as one continuous function of
flow rate from the experimental data.

Crawford et al. [12] determined both KCONV and KFL from the exper-
imental data using the three regions of flow rate.

The present study of heat transfer to a full-coverage, film-cooled
surface with compound-angle (30° and 45°) hole injection estimated both

KCONV and KFL as one continuous function of flow rate.

2.4.3 Radiation Energy Loss

Radiation loss was calculated assuming the radiation shape factor,
F, 1is 1.0, and the absorption of radiation by the air was negligible.

Then radiation from the top surface is given by

— -
Qrad = BA ¢ G(To_ IW,r) (z.11)

where E is the emissivity of the test plate, Atot is the total area of
the plate including holes, O 1s the Stefan-Boltzmann constant, To
is the plate temperature, and Tw,r is the mainstream recovery tempera-
ture.

There will be no radiation loss from the back side of the plate be-

cause the cavity is packed with insulation.
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2.4.4 Energy Balance Closure Tests

After all the loss constants were determined and separately tested,
they were incorporated into the Stanton number data reduction program
shown in Appendix IIT. Energy balance closure tests were then performed
to determine the validity of the models used to calculate the energy
losses. The tunnel mainstream was operated without cooling, and the plate
power was adjusted to bring each plate up to the mainstream temperature.
Cold water was supplied to cool the frame of the test section, resulting
in a plate~to-frame temperature potential of about 10°C (18°F). In this
mode of operation of the wind tunnel, there was no convective or radia-
tive energy transfer to the mainstream from the test plates. The main
loss mechanisms were conduction loss and the flow loss due to the injected
secondary airstream. Tests were made for M =0, M = 0.40, and M =
0.75. For the blowing runs, the secondary air temperature was within 0.6°C
(1°F) of the freestream temperature. The thermal boundary conditions for
these tests were designed primarily to check the conduction loss constants.
The energy balance closure tests showed how much imbalance existed for a
given set of conditions and evaluated the accuracy of the energy measure-
ment system. In principle, the energy balance closure equation of

6 =

con Esupplied - Qlosses
power to
test plate
should sum to zero. The accuracy of the power measurement is within
* 0.24 watts (typical power supplied to each plate during a Stanton number
run was 10 to 30 watts). The results of these tests are shown in Fig. 2.5.
The energy imbalance can be converted to a Stanton number uncertainty fol-
lowing the procedure described by Moffat [2].
st = 4 o8 (2.17)

totpwaCp(To_'xw,r)

To evaluate St, typical operating values of 15°C (27°F) for (To--'];=° r)
L
and 16.8 m/s (55 ft/sec) for U, were used, along with properties for air.

-4
This converts to a Stanton number uncertainty, 6St, of * 0.360 x 10 .
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Following the procedure of Kline and McClintock [28] for propaga-
tion of uncertainty in Stanton number, uncertainty bands on the data are

-predicted to be £3% for both 6 =1 and for 6 = O.

2.5 Rig Qualification

After the completion of energy balance closure tests, baseline checks
were run for hydrodynamic and heat transfer performance. Earlier qualifi-
cation tests of the wind tunnel were reported by Choe et al. [11l] and
Crawford et al. [12]. For the present study of heat transfer to a full-
coverage film-cooled surface with compound-angle hole injection, even
though the same wind tunnel as that of Choe et al. [11] and Crawford et
al. [12] was used, there was the additional vortex control system which
has been described in Section 2.1.3. Hydrodynamic qualification tests

were required to evaluate the vortex control system.

2.5.1 Hydrodynamics of the Wind Tunnel without Operation of the Vortex

Control System

The hydrodynamic qualification tests were conducted to determine that
the tunnel flow was two-dimensional and that the approaching boundary vel-
ocity profiles were typically turbulent.

Free stream velocity was measured at two locations with a Kiel probe
traversed with 2.54 cm (1 in.) increments in the channel height: (i) at
127.64 cm (50.25 in.) from the nozzle exit over the middlas of the first
test plate for five points across the channel, and (ii) at 202.72 cm
(79.8 in.) from the nozzle exit over the middle of the seventh recovery
plate for three points across the channel. The velocity varjation was
within *1%.

The two-dimensionality of the boundary layer was demonstrated by
taking the momentum thickness and the enthalpy thickness measurements
across the channel. The momentum thickness was measured at two locations,
the same as those of the free stream velocity measurement. The variation
of momentum thickness at the two locations was within * 1.5%. Momentum
thicknesses were measured at a free stream velocity of 16.8 m/sec (55 ft/sec).
The results of this measurement showed very uniform boundary layer growths
over the center span of the channel within *1.5%.
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To achieve low initial_valués of momentum thickness, the flow was
accelerated over the preplate and allowed to recover to zero pressure
gradient before reaching the test section. Fig. 2.6 shows the top wall
configurations and boundary layer trip locations for these two types of
run.

The data showed that the apparent value of momentum thickness up-
stream of the first row of holes increased as M increased, due to the
flow blockage from the injected secondary air stream. In the evaluation
of the virtual origin, the velocity profiles taken at M = 0 were used.

Figure 2.7 shows the velocity profiles for flat plate conditions.
This velocity profile shows the accepted behavior in the logarithmic and
wake regions compared with the known correlations. In addition, profile
shape factors were measured. It was shown that the shape factor was be-
tween 1.29 and 1.50; thus the flow can be considered turbulent. The skin
friction coefficient, used to form U+ and Y+, was found by fitting
the velocity data to a logarithmic law of the wall in the range of 75 to
125 for Y+ (Clauser plot).

2.5.2 Hydrodynamics of the Vortex Control Flow

Mayle and Camarata [16] conducted a flow visualization study of a
multihole aircraft turbine blade. The results of the tests indicated that
the injected secondary air flow drifted across the test surface to the
channel side wall, where it rolled into a corner vortex which spread back
onto the plate. 1In order to eliminate corner vortex buildups and to keep
the flow uniformly vectored in the test section and the recovery section,
a Vortex Control System was deemed necessary (see Section 2.1.3 for the
description of the system). The function of the Vortex Centrel System
was to suck away the corner vortex buildup and inject the fluid through
the opposite wall without disturbing the mainstream and secondary flows.

Two criteria were used to identify the proper flow in the Vortex Con-
trol System: (i) in the beginning of the recovery region, tﬁere should be
no corner vortex buildup, and (ii) in the recovery region, the injected

secondary air should be uniformly vectored in the spanwise direction.
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2,5.3 Heat Transfer Qualification

The final qualification tests censisted of unblown heat transfer
runs. The free stream velocity was maintained approximately at 16.8 m/sec
(55 ft/sec), with the plate temperature about 15°C (27°F) above the free-
stream temperature.

Figure 2.8 shows the results of heat transfer runs with the free-
stream velocity of 16.8 m/sec (55 ft/sec) for the heated foreplate. 1In
the region continuing the holes, the heat transfer results are 7% to 10%
higher than the accepted correlation of St = 0.0128 Pr-o'5 Regg'zs.

This effect is attributed to the roughness from open holes. For the
author's own curiosity the roughness radius was estimated using Pimenta

~0.175 [30]. The equivalent

et al.'s correlation of St = 0.0017 (Az/r)
roughness radius was found to be 0.005 cm (0.013 in.).

From Fig. 2.8 it can be seen that the heat transfer data in the re-
covery region have more scatter than in the blowing region. Since the
heat flux meters are calibrated within 3% accuracy, this scatter is at-
tributed to the inability of the hot water system to produce a uniform
plate temperature, resulting in axial conduction losses not propertly
dealt with by the data-reduction program.

The results of the heat transfer qualification tests gave confidence
that the energy measurement was accurate within the experimental uncer-

tainty and that the discrete hole rig itself could perform as required for

the proposed experiemnt.

2.5.4 The Effects of Vortex Control Flow on Stanton Number

Since the secondary air was injected with compound angle (30° aund 45°)
directicn, a corner vortex was generated by the secondary fluid impinging
on the sidewall, and the secondary flow field was not uniform (see Section
2.5.2 for the Hydrodynamics of the Vortex Centrol Flow). Corner vortex
buildups and non-uniformity of the secondary flow field might have resulted
in non-uniform heat transfer in the spanwise direction. Four settings of
vortex control flow at M = 0.4 were tested to see the effects on heat
transfer. Two settings of vortex control flow at M = 0.9 were tested.

In the lower range of the blowing ratio, M < 0.8, the vortex control flow

system is effective, but at M > 1.0 its effects diminish, since it does

~
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not have enough capacity. Initial conditions of the boundary layer for
the tests were Re’52 N 2500 and ReA2 ~v 1800.

For the blowing ratio of 0.4, the Stanton number data are plotted
versus Rex in Fig. 2.9 for 6 =1 and 6 = 0. The 6 =1 figure shows
the Stanton number data for four different settings of vortex control
flow. The optimum flow setting shows the data about 47 lower in the re-—
covery region than those with no vortex control flow. The 8 = 0 figure
shows the reverse effects. The Stanton number data for the optimum flow
are about 5 to 8% higher in the blowing region than those with no vortex
control flow. The data for all other settings of vortex control flow are
about 10 to 157 lower in the blowing region than those with no vortex con-
trol flow.

The M = 0.9 data are plotted versus ReX in Fig. 2.10 for 6 =1
and 6 = 0. The 06 =1 figure shows the effects of two settings of vor-
tex control flow on Stanton number data. The case of no vortex control
flow gives a value of Stanton number about 5% lower in the recovery region
than those with the optimum vortex control flow. Here the optimum flow
was considered to be a full flow setting. It has been observed that the
effects of the Vortex Control System diminished for higher blowing ratio,
M>1. The 6 =0 figure shows the reverse effects. In the blowing re-
gion, the optimum setting of vortex flow gives about 97 lower Stanton num-
ber data than those of the no-flow case.

These two series of Stanton number runs gave a good experimental idea
as to the optimum setting of the vortex control flow on heat transfer for
each blowing ratio M. All the data presented in Chapter 3 were taken

with the optimum setting of vortex control flow.
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Chapter 3

EXPERIMENTAL DATA

3.1 Types of Data

Stanton number data were obtained for a range of initial conditions
and blowing ratios, with two injectant temperatures (86 =0 and 6 = 1)
at each blowing ratio. The data were taken for two hole spacings: P/D =
5 and P/D = 10, both in the full-coverage region and in the recovery
region. For the P/D = 10 case, only one set of initial conditions was
used. Initial conditions are reported: mean velocity and temperature pro-
files of the boundary layer at the midpoint of the upstream guard plate.

Table 3.1 summarizes the data range.

3.2 Description of the Stanton Number Data

The main experimental investigation was to examine the effects of tha
blowing ratio on Stanton number for P/D = 5.0 with a mainstream velocity
of 16.8 m/s and an initial momentum thickness Reynolds number of about
2500, and with a heated preplate vielding an initial enthalpy thickness
Reynolds number of 1800. All the data reported Lere are those with the

optimum setting of the vortex control flow.

The effects of hole spacing on Stanton number were examined by plug-
ging some holes in the array to give P/D = 10. A heated statrting length
initial condition was used, and tests were carried out for two blowing
ratios of 0.4 and 0.9.

The effects on Stanton number of changing the initial hydrodynamic
boundary layer was examined by tests with two different values of Reéz,
1800 and 500. The ratio of initial boundary layer thickness-to-hole
diameter for these tests varied from 2.4 to .53. For Rea2 = 1800, tests
were conducted with four values of blowing ratio M for P/D = 5. The
upstream ReA2 was about 1400. TFor thin initial boundary layers, Re62 =
500, two blowing ratios were used with initial ReA2 =~ 600. The initial

boundary layer was about 0.5 hole diameter in thickness.
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Table 3.1

SUMMARY OF COMPOUND-ANGLE HOLE INJECTION DATA
(Reg,, and Rep are upstream initial
2 =2

conditions at guard plate midpoint)

b;;p;;;élAngié¥(30° and 45°) Hole Injection
i Unheatea Starting | Heated Starting
_ _Length Length

U_ (m/s) 16.8 16.8 | 11.8 9.8
Reg2 2500 2500 600 | 1800
ReA2 100 1800 600 | 1400
P/D 5 10 5{10}5}10| 5 1!10
M=20 X x| xX|Xx X
M= 0.2
M= 0.4 X _ 1 x|x X
M= 0.6
M= 0.75
M=0.9 xb X | X X
M=1.25 X X
M=1.5 X

b

For U, = 16.8 m/s and M = 0.4 at P/D =5, four
sets of Stanton number data were taken in order to
see the effect of vortex control flow (see Fig.
2.9).

For U, = 16.8 m/s and M = 0.9 at P/D =5, two
sets of Stanton number data were taken in order to
determine the optimum value of vortex control flow

(see Figs. 2.10).
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At each blowing ratio, data were obtained with two injectant tem-—
peratures: (i) 0.0 < 8 < 0.2, corresponding to the mainstream tempera-
ture fluid, and (ii1) 0.9 < 6 < 1.1, corresponding to the surface tem-
perature fluid. The linear superposition equation, St(8) = St {6=0) -

0 x [st(8=0) - St(6=1)] was used with the two sets of data for a given
blowing ratio M to adjust the data to Stanton numbers at 6 = 0 and

6 = 1. For the recovery region the average value of 6 for blowing rows
10 and 11 were used.

The Stanton number data have been plotted both in terms of x-Reynolds
number and enthalpy thickness Reynolds number. The x-Reynolds plot shows
the Stanton number as a function of position, for fixed values of M and
0. Enthalpy thickness Reynolds number plots show Stanton number in "local
boundary layer coordinates'". Values of x-Reynolds numbers are based on
virtual origin computed, using the initial value of momentum thickness and
a conventional turbulent correlation.

On the Stanton number graphs, the first 12 points are for the test
section plates. An arrow denotes the end of blowing (twelfth point). The
remaining points are for every other recovery region plate. The reference
lines shown on the x-Reynolds number and enthalpy-thickness Reynolds num-
ber graphs are accepted correlations for two-dimensional equilibrium flow
over a smooth plate with constant wall temperature and with the hydrody-

namic and thermal boundary layers beginning at the same point.

3.3 Stanton Number Data

The experimental Stanton number data have been divided into three

sections for discussion.

3.3.1 Thick Initial Boundary Layer with Heated Starting Length

This section summarizes three series of Stanton number data. Each
data set sequentially consists of the upstream initial conditions of veloc-

ity and temperature profiles, Stanton number versus Rex for 6 =1 and

® = 0, and the same Stanton number versus ReA2 for 86 =1 and 6 = 0.
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Stanton number data were obtained for three blowing ratios: 0.4,
0.9, and 1.25, for 6 =0 and 6 = 1.

EL::JZ; The first data obtained in each data set were with M = 0 to
establish a baseline. Fig. 3.1 shows the initial velocity profile over
the midpoint of the guard plate for this run. Fig. 3.2 shows the initial
temperature profile. The velocity profile, Fig. 3.1, shows a typical tur-
bulent boundary layer profile, with a boundary layer thickness of about
two hole diameters.

The Stanton number data are plotted versus Rex in Fig. 3.3, and
versus ReA2 in Fig. 3.4. 1In the latter figure, the data for the unblown
case are seen to be 7 to 10% above the generally accepted correlation curve,
hereafter called the equilibrium line. This effect is attributed to a
roughness effect of the open holes on the boundary layer (see Section 2.5.3
for Heat Transfer Qualification). 1In the recovery region the Stanton num-
ber drops within 3% of the equilibrium line within a few boundary layer
thicknesses. The roughness effect will be seen more clearly in conjunction
with P/D = 10 data in the next section (3.3.1.2).

Figure 3.3 shows the Stanton number data versus Rex for 6 =1 and

0 = 0, and the data are replotted in ReA2 coordinate in Fig. 3.4.

9=1(T2=T0).

similar. The data sharply decrease toward the end of the blowing with the

The trends of the data for all blowing ratios are

minimum value occurring downstream after the last row of holes. Downstream
of the recovery region the data sharply increase toward the equilibrium
line.

The decrease in Stanton number values in the blowing region may be
due to the attachment of the secondary fluid to the surface, which will
delay jet interaction with the free stream. In the recovery region the
effects of the compound-angled flow field diminish quickly.

For the blowing ratio M = 0.4 the minimum value of Stanton number

was about one-fourth the value shown by the equilibrium line.
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6=0 (T2 = T ). The data from the first blowing row are about 2%

lower than those of the guard plate. The data then sharply increase for
the next few blowing rows. In the blowing region, three different datra
trends can be seen: the M = 0.4 data continuously decrease; the M =
0.9 data slowly decrease and then level out to an asymptotic value in the
beginning of the recovery region; the M = 1,24 data level out to an
asymptotic value, independent of the number of rows of holes. A nearly
constant Stanton number for the highest blowing ratio, M = 1.24, may be
due to a nearly constant turbulent transport or eddy viscosity/eddy
conductivity with respect to the streamwise direction, independent of
boundary layer growth. Asymptotic behavior for the 6 = 0 condition was
also observed by Mayle and Camarata [16] for compound-angle injection with
P/D =8 and 10 for moderate blowing ratios.

In the recovery region, the Stanton number data rapidly decrease.
Two different trends are clearly seen. For M = 0.4 the data approach
the equilibrium line within about 2%. For M = 1.24, the data approach
those of the blowing ratio M = 0.91 within 3%. Both these data are still
about 227 higher, at the end of the recovery region, than those of the
eqghilibrium line. The radical drops of Stanton number in the recovery re-
gion could be due to the removal of the intense mixing from the jet-
mainstream interaction. This effect may be explained by comparing the
data for M = 0.4 with those of M = 0.91 and 1.24. At the lowest
value of the blowing ratio, M = 0.4, the mixing from the jet-mainstream
interaction is weaker than that of the higher blowing ratios, M = 0.91

and M = 1.24.

3.3.1.2 P/D =10 with Resziﬁ 2600 and ReA2 = 1900 at U, = 16.9 m/s

The Stanton number runs for P/D = 10 were performed at only one set

of initial conditions with two blowing ratios: M = 0.4 and M = 0.9.

M = 0. The initial velocity and temperature profiles for the unblown
Stanton number run are shown in Figs. 3.5 and 3.6, respectively. The Sto
data are plotted versus Rex and ReA2 in Figs. 3.7 and 3.8. 1In the
ReA2 plots the data within the blowing region are within 27 of the accep-
ted correlation line, probably because the roughness effect of open holes
diminishes, as discussed in Section 3.3.1.1.
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Figure 3.7 shows the Stanton number versus Rex for 6 =1 and

0 = 0, and the data are replotted in ReA2 coordinates in Fig. 3.8.

0 =1 (T2 = To). The M = 0.38 data produce a minimum Stanton num-

ber in the blowing region with the M = 0.84 data lying above the low
blowing ratio data. Stanton number variation in the blowing region could
be due to alternate rows of holes being plugged. In the recovery region,
the Stanton number for M = 0.38 1is seen to return to the equilibrium
line.

The recovery region data for M = 0.84 appear not to return to the
equilibrium line. This could be attributed to a problem with the heat
flux measurement in the recovery region. For P/D = 10 and high M, the
flow should be much more three-dimensional than its counterpart at P/D = 5,
because the secondary air jet penetrates farther due to the individuality
of the jets for the wider spacing. The flow width for averaging of the
heat flux with afterplate is 5 cm, and the discrete holes are spaced about
10 cm apart; any three-dimensional effects will greatly influence the
sensor. A similar anomaly was also observed by Choe et al. [11] and by
Crawford et al. [12] for the data obtained with the natural transition
over the blowing region, indicating the heat flux sensors do not give a
spanwise-averaged heat transfer coefficient,

Comparing the P/D = 10 data (Figs. 3.7 and 3.8) with the P/D =5
data (Figs. 3.3 and 3.4), the major effect of increased hole spacing is
to reduce the effect of blowing: i.e., to reduce the Stanton number depart-

ure from the equilibrium line, Sto.

0 =0 (T2 =T ). The M= 0.45 data stay almost constant within the

first half of the blowing region and then sharply drops to apprcach to an
almost asymptotic value at the end of the blowing. The data for the higher
blowing ratio, 0.87, stay almost constant within the blowing region. In
the recovery region the M = 0.45 data approach the equilibrium line
within 2Z%.

Comparing the P/D = 10 data with the P/D = 5 data, the major effect
of increased hole spacing is, once again, to reduce the overall amount of

the Stanton number departure from the equilibrium line.
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3.3.1.3 Rea2 = 1800 and ReA2 = 1400 at U_=9.9 m/s with P/D =5

This section summarizes the Stanton number data for the moderately
thick initial boundary layer for the blowing ratios of 0.4, 0.93, 1.25,
and 1.48.

M = 0. The initial velocity and temperature profiles for the unblown
Stanton number run are shown in Figs. 3.9 and 3.10, respectively. The
Sto data are plotted in Rex and ReA2 in Figs. 3.11 and 3.12. 1In the
ReA2 plots the data trends are the same as those with Re6 = 2500 and
with_ ReA2 ~ 1800. The blowing region data are about 7 to 10% above the
generally accepted correlation curve, with the recovery region data within
2% of the curve.

Figure 3.11 shows the Stanton number versus Rex for 6 =1 and

0 = 0, and the data are replotted in ReA2 coordinates in Fig. 3.12.

6 =1 (T2 = TO). In Figure 3.11 (Rex coordinate), the Stanton num-

ber data for the higher blowing ratios increase for the first few blowing
rows as M dincreases, and then rapidly decrease toward the end of the
blowing. The M = 0.37 data continuously decrease to the minimum value
at the end of the blowing. 1In the recovery region, the common trends of
the data for all blowing ratios are similar, such that the data rise
toward the equilibrium line. A visual comparison of the data with those
with the thick boundary layer reveals that the overall level of the Stan-

ton number departure from the St0 is reduced with the thin boundary layer.

6 =0 (T2 = T.). 1In the blowing region, the data rise for the first

few blowing rows, with the slope dependent on M, and then decrease. 1In

the recovery region, all the data display an apparent asymptotic value.
0.93 and 1.25.

The M = 1.48 data are about 10% lower than those with M

IR

600 at

3.3.2 Thin Initial Boundary Layer (Re52 = 500 and ReA2

Uo = 11.3 m/s) with Heated Starting Length and P/D = 5

The last data set for the heated starting length is a study of the
effects of the upstream hydrodynamics for the blowing ratios of 0.44 and

0.93.
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Figure 3.13 shows the initial velocity profile. Fig. 3.14 shows the
corresponding temperature profile. The velocity profile, Fig. 3.13, ex-
hibits the outer region similarity, but the inner region differences, plus
the shape factor information for the velocity profile, indicate that the
flow is still transitional on the guard plate. An acoustic probe in the

boundary layer confirmed that the flow over the second plate was turbulent.

M = 0. The unblown Stanton number data are plotted versus Rex and
Rep in Figs. 3.15 and 3.16. The Sto are seen to be about 5 to 10%
above the equilibrium line in the test plate region. The recovery region
data lie slightly below the equilibrium line, in either Rex or ReA2 co-
ordinate.

Figure 3.15 shows the Stanton number versus Rex for 8 =1 and

6 = 0, and the data are replotted in ReA2 coordinates in Fig. 3.16.

0 =1 (T2 = TO). The blowing region data drop toward the end of the

blowing, and then the data rise toward the equilibrium line. The M = 0.4
data show the lowest values of Stanton number, with the higher blowing
ratio causing an increase in the Stanton number over the blowing region

and the recovery region.

6 =0 (T2 = T ). In the blowing region the data slowly rise within

a few blowing rows and then continuously decrease toward the end of the
recovery region, with the M = 0.4 data slowly returning to the equilib-
rium line. This slow return may be due to the thin momentum boundary

layer and its effect on turbulent mixing.

3.3.3 Unheated Starting Length with Thick Initial Boundary Layer (Re52 =
2500 and ReA2 =~ 100 at U_= 16.8 m/s) with P/D =5

oo

For the unheated starting length, only one Stanton number data set
was obtained (M = 0.43). The primary purpose of this run was to see the
effects of unheated starting length on heat transfer.

Figure 3.17 shows the Stanton number versus Rex for € =0 and

0 = 1, and the data are replotted in ReA2 coordinates in Fig. 3.18.
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In Fig. 3.17, comparing the data for 6 = 1 with those of the heated
starting length for the same hydrodynamic condition, the former data are
approximately 20% higher in both the blowing region and the recovery re-
gion. The trends of the data are very similar to those of the heated

starting length
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Chapter 4

. DISCUSSION OF THE DATA

4.1 Effects of Full-Coverage Film Cooling on Stanton Number

The results of the experimental Stanton number data have been pre-
sented in detail in the previous chapter. 1In this section of Chapter 4,
the following items are summarized in order to see their effects on Stan-
ton number (or heat transfer): (i) upstream initial conditions and free
stream velocity, (i1) injectant temperature and blowing ratio, and (iii)

hole spacing.

4.1.1 Upstream Initial Conditions and Free Stream Velocity

Free stream velocity and the initial conditions of the turbulent
boundary layer were varied to study their effects on Stantcn number.
Fig. 4.1 shows all the data for M = 0.4 and P/D = 5, replotted as
St(e)/Sto versus the downstream distance x. St0 is the Stanton num-
ber for M =0 with the same upstream initial conditions as St(8).

In Fig. 4.1 the Stanton number ratios for 6 = 1 drop below unity
in a fairly tight band for the blowing region, suggesting little or no
effect of either the initial temperature or the free stream velocity.

In the recovery region, the data do not order according to their initial
layers but do show to order on free stream velocity.

Also shown in Fig. 4.1 are Stanton number ratios for 6 = 0. The
recovery region data are quite coherent, while the blowing region data
are separated. There is no ordering by velocity. Overall, the change
in St by injection is much less for 6 = 0 than for 6 = 1.0. This
is attributed to the fact that injecting O = 0 fluid does not directly
contribute to the growth of ReAz, so until the thermal boundary layer
grows beyond the penetration height of the jets, the Stanton number is

only marginally different from Sto.
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4.1.2 Injectant Temperature and Blowing Ratio

The injectant temperature level, T2, is one of the important fac-
tors in heat transfer with full-coverage film cooling, compared with the
surface and mainstream temperatures. For small temperature differences,
the governing energy equation is linear so that the heat transfer is also
a linear function of T2. Stanton number data obtained for two injectant
temperatures (all other parameters fixed) provide sufficient information
to define the Stanton number as a continuous function of T2. For the
steady~state heat transfer tests described herein, the injectant tempera-

1). Colladay [31] indicated

tures were T2 = T (0 =0) and T2 = T0 Cl
that for gas turbine applications, T2 < To < T, a O parameter was
slightly larger than unity. Therefore the 8 = 1 data trends described

in Chapter 3 should give an indication of the Stanton number behavier on

a full-coverage turbine blade.

Although Stanton number is a simple function of 6, it is a very com~
plex function of blowing ratio. Fig. 4.2 shows the Stanton numbers from
Fig. 3.11, plotted versus blowing ratio. The data show a nonlinear depen-
dence of St on M for P/D = 5. Also shown in Fig. 4.2 are predicted
Stanton numbers for a typical 6 operating condition to demonstrate the
superposition principle. The predicted Stanton number decreases to a mini-
min at M = 0.4 and then rises as M increases. This minimum in Stanton
number for a typical © operation condition is clearly seen in the 6 =1
data. This minimum appears to be independent of upstream initial conditions.

The drcp in Stanton number for low M and € = 1 is similar to that
found in transpiration cooling. With both cooling schemes the heat trans-
fer is reduced due to addition of wall temperature fluid which significantly
alters the temperature profile in the near-wall region. The cooling effect
is diminished with full-coverage cooling because of increased turbulent
transport. The full-coverage jets affect the transport over a range from
the wall to at least two hole diameters, while the transpiration affects
only the sublayer. Therefore, for an equivalent wall mass flux of ccolant
( equal F), the Stanton number with film cooling will be higher.

The increase in Stanton number with M for M 0.4 indicates that
the film cooling jets are transporting the coolant farther out in the bound-

ary layer. This increased penetration distance has two effects: (i) By

60



delivering the coolant farther away from the surface, the coolant must
be convected or diffused back into the near-wall region in order to re-
duce the wall heat transfer. During this process the coolant entrains
boundary layer fluid, and equilibration with the entrained fluid signifi-
cantly reduces the effectiveness of the coolant. (1ii) The increased
penetration of the coolant farther out in the boundary layer causes in-
creasing turbulence production. The resulting increased turbulent trans-—
port in the outer layer may intensify the coolant diffusion back to the
surface, but it also intensifies the jet entrainment process which dilutes
the coolant.

In the recovery region the Stanton number data for 6 =1 rise

rapidly for all blowing ratios, with almost the same slope.

4.1.3 Hole Spacing

Stanton numbers were obtained primarily for P/D = 5, but some data
were taken for P/D = 10. Only one set of upstream initial conditioms
was tested in order to study the effects of hole spacing on Stanton number

data. The visual comparison of these data in Chapter 2 revealed a much

diminished effect for the same M with wider hole spacing.

4.2 Correlation of the Stanton Number Data

One way to evaluate film—cooling performance is by obtaining surface
heat flux with and without film cooling, é"(e)/ég, at the same location
on the surface. Since both heat fluxes are defined using the same convec-
tive rate equation, the film-cooling performance can be simplified to
evaluation of h(e)/h0 or ,St(G)/Sto. The St(8) data can be obtained
by applying superposition to correlations of the fundamental Stanton num-
ber data sets at 6 =0 and 6 = 1.

The data for 6 = 1 were correlated based on a Couette flow analysis

developed by Choe et al. [11] and Crawford et al. [12].

St(6=1) - 2n(1 +Bh) .
St Bh
o Re
X

(4.1)

where Bh is the blowing parameter, defined as Bh = F/St(8=1), and ¢
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is a functional measure of departure from the ideal case of transpira-
tion cooling (for which value is a unity).

Figure 4.3 shows all data for © = 1 plotted versus F for P/D =5
with heated starting length. As F 1increases, ¢ also continuously in-
creases: as the blowing ratio increases, the cooling scheme rapidly departs
from the transpiration cooling.

Correlations of the 6 = 1.0 data for P/D =5 are as follows:

t Bh
o Rex

or, in ReA coordinates suggested by Whitten, Kays, and Moffat [4],
2

- 1.25
st(e=1) - [1+112.5 F]L-25 I:ln(IJ;;-Bh):l [1+8n]°2°

Sto Rep
2 (4.3)
Here the values for Sto in Eqns. (4.2) and (4.3) are the typical
smooth flat-plate values.
For 6 = 0, the Stanton number data are correlated in terms of F

for three upstream initial conditions by the following heuristic equations:

e For Re(S2 = 2500, the correlating equation for P/D = 5 data is

-3 3.801F
e

St(6=0) = 2.512 x 10 for 0.40 < M < 1.24 (4.4)

e For Reé2 = 1800, the correlating equation for P/D = 5 data is

-3 7.677 F
e

St(6=0) = 2.437 x 10 for 0.40 < M < 1.48 (4.5)

e For Red2 = 500, the correlating equation for P/D = 5 data is

3 4.463 F
e

St(6=0) = 2.762 x 10 for 0.44 <M < 0.93 (4.6)
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4.3 The Comparison of Stanton Number Data for Compound-Angle Hole Injec-

tion with Those for 30° Slant-Hole Injection at M = 0.4 and 0 =1

This section summarizes the comparison of two fundamental data sets,
for compound-angle injection and for 30° slant-hole injection [12] at
M=0.4 and 6 =1 for P/D=15 and heated starting length.

Figure 4.4 shows the Stanton number data versus ReX for the two
cooling injection schemes described above, for the same hydrodynamic con-
ditions. The compound-angle data at the minimum point (same location of
the test surfaces) are about half those of the 30° slant-hole data. This
trend is seen for all blowing ratios, when the two geometries are tested
at the same hydrodynamic conditions. Thus, with compound-angle injection,
the heat transfer coefficients were only ome-half as high as with 30°

slant-hole injection.
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Fig. 4.1. Stanton number ratios for all M = 0.4 data

and P/D = 5 with heated foreplates.
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Chapter 5

SUMMARY AND RECOMMENDATIONS

An experimental investigation of heat transfer to the boundary layer
over a full-coverage, film-cooled surface has been performed. Injection
of the coolant was from an array of staggered holes with hole spacing-to-
hole diameter ratios of 5 and 10. The P/D = 10 data were obtained for
only one set of upstream initial conditions. The holes were angled 30°
to the surface in the downstream direction and 45° to the surface in the

spanwise direction. In summary:

1. Experimental Stanton number data have been obtained by using two in-
jectant temperatures (8 =0 and © = 1) at each blowing ratio, yielding
two fundamental data sets. The data are defined using a wall temperature-
to-mainstream temperature driving potential, which allows direct comparison
of wall heat fluxes in terms of Stanton numbers, with and without film
cooling, to describe film-cooling performance. Superposition can be ap-
plied to the two fundamental datz sets to obtain Stanton number as a con-

tinuous function of injectant temperature.

2. When the injectant temperature, T2, equals plate temperature, To,
the lowest Stanton number is obtained for a blowing ratio M = Uz/qw of
about 0.4. Higher ratios resulted in higher Stanton numbers. The data
obtained in this experimental program for the highest blowing ratio of

1.48 are still smaller than those without film cooling.

3. Comparison of the data for the two hole spacings indiczates that a
wider hole spacing (10 hole diameters) gives less effect on Stanton number
for the same value of blowing ratio. 1In other words the wider hole spac-

ing reduces the film~cooling for the same blowing ratio.

4, The effects on Stanton number of changing the free stream velocity
and the initial conditions showed the following effects: (i) at 6 =1
U, had a slight effect on Stanton number in the blown region; (ii) the

6 = 1 data in the recovery region were strongly dependent on U,
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5.

For prediction of heat transfer data using integral equation rela-

tionships, the following formulae are recommended:

i) For 6 = 1 (injectant temperature equal to

st(6=1)

Sto {1+112.5 F]

Re
x

or in ReA2 coordinates

plate temperature)

2n(1 + Bh)

Bh

= 1.25
st(8=1) [1+112.5 F]1*2° [Qn(1+Bh)_ [1+8n]° 25
St Bh
(o] ReA
2
ii) For 6 = 0 (injectant temperature equal to mainstream temperature)
e At Reg = 2500,
2
st(6=0) = 2.512 x 107> 3801 F g5 0.40 < M < 1.24
[ ] At Re(S = 1800,
2
St(8=0) = 2.437 x 10> & %7 F for 0.40 < M < 1.48
e At Reg = 3500,
2
St(6=0) = 2.762 x 10> &***03F £5r 0.40 < M < 0.93
6. When the injectant temperature was equal to plate temperature, two

distinct data trends were seen. The data within

rapidly to a minimum value at the last row of blowing.

region (60 hole diameters downstream of the last

rose rapidly toward the baseline data.

7.

and the 30° slant-hole injection at © = 1 and

the blown region dropped
In the recovery

blowing row), the data

An examination of two data sets for the compound-angle hole injection

M= 0.4 with P/D =35

and heated starting length revealed that compound-angle injection yielded

heat transfer coefficients only one~half as high

hole injection.
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The work reported here represents the third phase of an experimental
heat transfer investigation into full-coverage, film-cooled boundary layers
on a flat plate at Stanford: the first was normal-hole injection; the
second was 30° slant-hole injection; and the last one was with compound-
angle (30° and 45°) hole injection.

For further study of the compound-angled hole injection, it is recom-

mended that:

e Detailed investigation of mean velocity, mean temperature, and turbu~
lence profiles around the discrete holes should be carefully examined. The
flow within the blown region and the recovery region is highly three-
dimensional, a situation not experienced in previous test plates (the
normal-angle hole and the 30° slant-hole). Such a study would provide
details of the variation of velocity, temperature and turbulence level
around the holes and also would provide data for a higher-~level turbulence

closure model for future numerical prediction programs.

e The effects of high mainstream turbulence level on heat transfer
should be investigated. The importance of this effect may be confined to
the recovery region. High turbulence levels may cause a more rapid re-

covery to unblown Stanton number conditions.
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Appendix I

HOT-WIRE FLOWMETER CALIBRATION

Introduction

The hot-wire flowmeters [11l] installed in the secondary air delivery
pipes of the discrete hole rig had not been calibrated for approximately
three years [32] in February of 1977. Also, four of the secondary air
delivery pipes had been relocated for the present heat transfer study of
the compound-angle test plate. Therefore, all the hot-wire flowmeters
needed to be recalibrated for the accurate measurement of flow rate.

Choe et al. [11] have described the hot-wire flowmeter. It has a
thermocouple loop for measuring the temperature difference between the
heater element and the incoming air stream. The thermocouple is made of
iron-constantanwith one junction at the middle of the heater element in-
side the brass tubing and the other junction in the air stream 1/2 inch
upstream with 90° rotation. The calibration curve for hot-wire flow-
meters [11] has shown the flow rate X plotted as a function of the voit-

age E. The functions X and E are expressed as:

-0.76

= < (L . -
x = scm - (335 (1+0.7 w) (1-1)
1\ r 0.7
= . —_— . —_— . ™
E enf . 1) (530) (1+0.22w) K, (1-2)
where
SCFM = theoretical flow rate in CFM,
w = specific humidity in 1lbs/1b of D.A.
emf = the emf of the thermocouple signal,
Io = 30.00 mv,
Ki = flowmeter calibration constant.

For the present calibration of hot-wire flowmeters, the same slope
of the calibration curve shown in [11] has been used to determine the

calibration constant, Ki, rather than constructing a new calibration
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curve, because the initial calibration showed that all the calibration
curves collapse by the horizontal shift of some distance on log-log co-
ordinates. The values for the calibration constant, Ki’ determined here
cause the horizontal shift of some distance of each flowmeter into the

same calibration curve shown in [11].

Instrumentation

The Meriam laminar flow meter was used in the experiment. Its flow
rate was accurately known as a function of the pressure drop across the
flowmeter with the temperature and absolute pressure correction factors
upstream of the flowmeter. The actual flow rate was converted into the
corresponding voltage using Eqns. (I-1) and (I-2) with the same slope of
the calibration curve shown [11]. Then the emf of the thermocouple sig-
nal was compared with the actual flow rate voltage obtained by the Meriam
laminar flow meter, in order to determine the calibration constant Ki.
For each flowmeter, three sets of Ki at different flow rates were ob-
tained to establish the experimental confidence. Then the final calibra-
tion constant Ki was determined from the arithmetic average of the three
values.

Figure I-1 shows the arrangement of the experimental apparatus.

THE MERIAM INCLINED
MANOMETER (in. H,0)

ABSOLUTE
PRESSURE
{in. Hg)

—_—

MERIAM LFM

IRON CONSTANTAN THERMOCOUPLE
TO MONITOR To AT UPSTREAM

Fig. I-1. The experimental apparatus.
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Instruments required:

(o]

(o]

(o}

(o]

Meriam laminar flow meter; Model 50MH10-2, Type 1,
Hewlett-Packard 2401C with 100K impedance,
Meriam inclined manometer (9-8" H20>’

Mercury vertical manometer (in. Hg).

If there is no absolute pressure gauge, the Mercury vertical manometer

can be used, because it gives the relative pressure reading. Then add

the barometric pressure to the relative pressure reading to obtain the

absolute pressure upstream of the Meriam laminar flow meter.

Data-Reduction Procedure

From the accurately known flow rate obtained by the Meriam laminar

flow meter, the equivalent voltage can be determined in the following way.

The calibration curve shown [11] gives the slope as:

53.00
£ny
4.05
2.00
.00
.35 .90 112 1.135
.!nE
-1
1/B 2.723
- X = X -
e e E7 - a[X] -

For a sample data reduction, the following table shows data on the

hot-wire flowmeter #2, for ®w = 0.0047 1bm vapor/lbm dry air and
C(I) = 30.00 mv,
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Table I-1

SAMPLE DATA OF HOT-WIRE FLOWMETER CALIBRATION

Flow- No LFM Pabs e
meter | Power P (in T-C CF CF CFM w;fi
Signal | Signal | (in. He) (°F) P T at P CF's

(mv) (mv) HZO)

0.376 | -0.002 | 5.45 30.60 1312 [0.0227C | 0.97284 | 30.60 | 30.44466
(78.3)

Using Eqn. (I-3), the flow rate can be converted into the equivalent

voltage.

1
E = 0.35[%6—?—] 2.723  _ 5,42903

From Eqn. (I-2), the corresponding property corrections can be made:

K 222203 = 0.42395
2 238.7 [1+0.22 x 0.0047]
530 | . .
_0.42395 _ 0.42395
Ky = Temf = 70.378 1.122

Experimental Results

The calibration constant of each hot-wire flowmeter has been obtained
from averaging the values of three different flow rates. The following
table shows the final calibration constants, which are compared with

those of Choe and Crawford.
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Table I-2

CALIBRATION CONSTANT OF FLOWMETER

R R T R %
1 K| K] K Re | X9 | Kg | Ko | Ky | Kyq | Ky
1.220]0.920(0.988/{0.928[0.906(6.907{1.010]0.918{0.901]0.920{0.929
1.122]0.912/0.985{0.975[0.927]0.905}1.017]0.912}0.893{0.915{0.923
of deviation:

8.710.9)0.3]]-5 (|-2.3]0.2}{-0.71}]0.7 0.9} 0.5] 0.7

@ >

e

A = Choe and Crawford results, B = the results of the present work.
* signifies relocation of delivery pipes.

From the results of the hot-wire flowmeter calibration, it has been
shown that, except for K2 and KS’ the deviations are within the ex-
perimental uncertainty of 4%, as will be shown in the uncertainty analysis

section.

Uncertainty Analysis

In order to determine the experimental confidence level, an uncer-
tainty analysis was performed following the procedure described by Kline
and McClintock [28].

The uncertainty intervals of the Meriam laminar flow meter were de~

termined as:

8P (across LFM) = 0.02" H20 - 8X = 0.1 CFM
8T (upstream) = 0.25°F -~ 6CFT = 0.0008
&%ms (upstream) = 0.02° Hg -~ SCFp = 0.0007

The flow rate, X, 1is given as:

X = X CFT CFp

2

2]1/2
R f 5X . s
8x = | (5% SXCFGCF ) + (acF 8CF,, CFp) + (aCFp 8CE, - CFT) ]
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L S X - xcr

§CF P 3CF T
2 2 2.2 2 2 91/2
8X = [}0.1 CFy CF)° + (0.0008 X° CF)” + (0.0007 X" CF)
' (1-4)
CFM converted into E:
-0.36724
_ X
E = 0.35 (53)
-1.36724 -1.36724
= X X a3 L (X .
SE = [é.35(—0.36724)(5 ) = 2.425 x 10 (33) 6%
' (1-5)

E is corrected for the property changes:

E

i 1\ 0.7
(-i—) (1+0.22w) emf(53o)

(IO/I)2 (1+0.22w) will be treated as a constéht, 0, because data were
taken such that Io/I = 1.0.

~0.7
I N
Ry = zEenf (55)
3K ~0.7)> -0.7
_o1 % -1 O T 7%
Ok; = a[: 5 O et (535) + * 6 enf 5(335) }
1.7 2] 172
-2 -1 T
1.321 x 10°° E enf * (555) GT}
where
% 111y (1-6)
5 " & emf \530

Equation (I-6) is the final equation to get the uncertainty in Ki' Let
= 0.005.
For the typical data on K2 which shows the largest deviation from

the previous calibration by Choe and Crawford,
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CFP = 1.01776, CF.. = 0.97888, X = 30.28645'CFM ,

E = 0.42561, T = 76.4°F, emf = 0.383, w = 0.0069

Using Eqn. (I-6), K2 is calculated to be:

6K2 = 0.03

8K

?3 = 0.034
2

Summary and Conclusions

The calibration constants cf hot-wire flowmeters determined in this
experiment were shown in the experimental results section. From the re-
and K

sults it has been shown that, except for K all the calibra-

2 5
tion constants are within the experimental uncertainty. A possible
explanation for the largest deviations in K2 and K5 from the previous
calibration by Choe and Crawford could be that the oxidation of thermo-~
couples, resulted in a change of heat transfer mode. However, there is
no explanation why K2 and K5 should have been oxidized more than the
others.

The calibration constants for hot-wire flowmeters obtained in this
experiment were used to set the blowing ratio of the compound-angle
test plate.

It is believed that the calibration constants obtainad here could be
used successfully for the next three years without recalibration, unless

the insulation of the hot-wire flowmeters is accidentally changed.

77



Appendix II

MANIFOLD FLOW RATE DISTRIBUTION CHECK

In order to assure the uniformity of flow rate through each hole in
the manifold, the flow rate of each hole needed to be determined. If the
flow rate of each hole is too scattered, the valves of the manifold must
be adjusted such that the flow rate distribution is as uniform as possible.

For the flow rate measurement, the Meriam laminar flow meter was used;
it has a capacity of 3 CFM (0.944 2/sec). The instrumentation was the

same as for the hot-wire flowmeter calibration.

Fig. I1-1. Sketch of manifold.

Before the valve adjustment of the manifold, the flow rate of each hole
in all eleven manifolds was measured. Manifold #7 gave the largest flow
distribution of 6%, so the valves were adjusted until the flow rate dis-
tribution was within 2%. The results of the manifold valve adjustment
gave the flow rate uniformity within 27 at most.

The following table summarizes the results of the manifold valve ad-

justment.
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Table II-1

FLOWRATE DISTRIBUTION OF THE MANIFOLD

Manifold Flow Rate (CFM)
Number Distribution Uniformity (%)
1 0.200 -~ 0.204
2 0.220 - 0.224
3 0.206 - 0.208 i
4 0.228 -
5 0.200 - 0.204 2
6 0.216 -
7 0.212 - 0.216 2
8 0.220 - 0.224 2
9 0.211 - 0.212 0.5
10 0.224 -
11 0.208 -

It may be a concern that the flow rate may possibly be changed due
to thermocouple installation in some of the delivery tubing to monitor
the temperature of the gas. Assume that the flow rate could be decreased
by 1/2%. The secondary air flow rate in each hole in one manifold is

uniform within *2 1/2% accuracy.
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Appendix 1II

STANTON NUMBER DATA-REDUCTION PROGRAM

LIST

STANTONR NUMBER DATA REDUCTION PROGRAM

DISCRETE HOLE RIG NAS-3-16336

THIS PROGRAM USES THE LINEAR SUPERPOSITION PRINCIPLE TO
CALCULATE STANTON NUMBERS AND OTHER INTEGRAL PARAMETERS AT THETA=

0. AND
REVISED

REAL X

COMMON/
COMMON/
COMMON/
COMMON/
COMMON/
COMMON/

1.
JUNE

BLX1
BLK?2
BLK3
BLKG
BLKS
BLK6

1977

/PAMB,.PSTAT,TRECOV, RHUM,PDYN
/UINF,TINF,TADIAR,RHOG,VISC,PR,CP,H
/SAFR(12),CI(12),SM(12),F(12),KM,AH, THEAT
/T0(65),TG(12),T2(12),TCAST(12),TCAV(12),TH(12)
/QC12),HM(45),VAR(12),QD0T(36)

/DXVO,DENDR2,DF ,DREEN(36),D5T(36),0Q00T(36),DTH(12)

DIMENSION NRN(4),KOMMNT(40), ST(36),QFLOW(12],

1 X(36),REX(36),REEN(36),5TNOB(36),STD(36),STCOL(36),5STHOT(38),

2 STS5(36),STSF(36),5TCR(36),STHR(34),5TSR(36),5M0(12),F0C(12),

3 BHCOL(12),BHOT(12),REX0(36),RENCOL(36),RENHCT(36),THO(12),

& FB(12),D2HOT(36),DTHO(12),DS5TO(36),ETA(36),FH{12),5F(12),S5F0(12)
DIMENSION NRNO(4),STHRB(12),KOMNTO(40D)

DATA X/50.3,52.3,56.3,56.3,58.3,60.3,62.3,64.3,66.3,68.3,

1 70.3,72.3,73.82,74.35,75.88,76.915,77.%95,78.98,80.01,81.06,
2 82.07,83.1,84.13,85.165,86.2,87.23,88.26,89.29,90.32,91.35,
3 92.38,93.415,94.45,95.48,96.51,97.54/

NRN
I0UT

KT

READ RUN NUMBER AND CONTROL PARAMETERS

DIGIT RUN NUMBER

PARAMETER TO TERMINATE PROGRAM

I0UT=0 TGO READ DATA SET

JOUT NE O TO TERMINATE PROGRAM

DATA TYPE FOR LINEAR SUPERPOSITION

KT=0 FLAT PLATE OR M(TH=0)

KT=1 M(TH=1)

PITCH/DIAMETER RATIOC OF HOLE ARRAY

KM=0 P/D FIVE

KM=1 P/D TEN

TYPE OF FLAT PLATE STANTON NUMBER FOR ST NO RATIO
REQUIRED TO SPECIFY L FOR TH=1 RUN ONLY

L=0 STANTON NUMBER BASED ON ST-REX HEATED STARTING

LENGTH CORRELATION

L=1 STANTOM NUMBER BASED ON ST-REX UNHEATED STARTING

LENGTH CORRELATIOHN

L=2 FLAT PLATE STANTON NUMBER TEST DATA

NOTE: DATA SETS MUST BE STACKED FLAT PLATE,M(TH=0),M(TH=1},
MCTH=0) ,M(TH=1),...

WRITE (6.,900)

[ 2K X 2 B B 2R K 2R 2N IR IR RN N ]
IPRINT=0 TO PRIMNT SUMMARY DATA SET ONLY
IPRINT=1 TO PRINT ENTIRE DATA REDUCTICN

IPRINY

=1

[ JE BN DN DR BEE ZEE BEE DEN JBN 2NN JER BN BEE R IR ]

10

S READ (5

»10)

(NRN(1),I=1,4),I0UT,KT,KM,L

FORMAT(GA2,12,12,12,12)
IF (IOUT.NE.O) GD TO 2900
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14
17

18
19

21

23
24

25
26

27
28

o000

00000000 O0O0OOOHOOOONHOO 0000 HOO

QO0OOHOOOOO

OO0 O0

[ 31

20
22

non

L §.1 ]

2¢

arn

27

READ DATA RUN DESCRIPTION, A FORMAT COL 1-80

READ (5,2) (KOMMNT(I), I=1,40)
FORMAT (40A2)

READ TEST CONDITIONS

TANB AMBIENT TEMPERATURE (DEG F)
PAMB AMBIENT PRESSURE (INCHES HG CORRECTED TO 32 DEG F)
RHUM RELATIVE HUMIDITY (PERCENT)

THEAT SECONDARY AIR TEWP, HEATER BOX (I-C TC, MV)
CI(1) SECGNDARY AIR FLOWMETER CURRENT SIGNAL (MV])

READ (5,20) TAMB,PAMB,RHUM, THEAT,CI(1)
FORMAT (7F10.03
DO 22 I=2,12
CI(I)}=CI(1l)
READ TUNNEL CONDITIONS

TRECOV TUNNEL AIR RECOVERY TEMPERATURE (I-C TC, MV)

PDYN TUNNEL AIR VELOCITY DYNAMIC PRESSURE (INCHES H20)
PSTAT TUNNEL GAGE STATIC PRESSURE (INCHES H20)

VO VIRTUAL ORIGIN, TBL, FROM PGM PROFILE (INCHES)
END2 ENTHALPY THICKNESS, FROM PGM PROFILE (INCHES)
DXvo UNCERTAINTY IN XVO, FROM PGH PROFILE C(INCHES)

DEND2 UNCERTAINTY IN END2, FROM PGM PROFILE (INCHES)
READ (5,20) TRECOV,PDYN,PSTAT,XVO,END2,DXVD,DEND2
READ TEST SECTION CONDITIONS
T6(I) SECONDARY AIR TEMPERATURE (I-C TC,MV)
TOo(I) PLATE TEMPERATURE (I-C TC, MV)
Q(I) PLATE POWER (WATTS)
VARCI) VARIAC SETTING
SAFR(1) SECONDARY AIR FLOWMETER SIGNAL (MV)
READ (5,25) (TG(I),TO(CI),QCI),VAR(I},SAFR(I), I=1,12)
FORMAT (5F10.0)
[BE SRS BN N A A 2 I I AR B A )
IF (SAFR(2).NE.C.) L=2
[ B B IR B B NN B B AR 2R B BN AR A )
READ RECOVERY SECTION CONDITIONS

TO0C1) PLATE TEMPERATURE (I-C TC, MV)
HMCD) HEAT FLUX METER SIGNAL (MV)

READ (5,26) (TO(I),HM(I),I=13,45)
FORMAT(2F10.0)

READ TEMPERATURE

TCAST(1) TEST SECTION SIDERAIL TEMPEMPERATURES (I-C TC,MV)

READ (5,27) (TCAST(I), 1=1,8)
FORMAT ¢ F10.0)
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29
30
31

32
33
34
35
3¢

37
38

39
40

41
42

43
46
45
46

47

48
49
50
s1
$52

53
56
55
56
57
58
59
40
61
€2

¢3
¢4

6
67

o0

OO0

WRITE QUT ALL RAKW DATA

IFCIPRINT.NE.O) WRITE (6,900)
HRITE (6,640) (NRNCI), I=1,9)

40 FORMAT (10X,'RUN ',6A2,"' x%x DISCRETE HOLE RIG »xx NAS~3-14336°
1 +10X,"STANTON NUMBER DATA*/)
WRITE (6,610) (KOMMNT(I), I=1,40)

610 FORMAT (10X,40A2/)
IFf C(IPRINT.EQ.0) GO TO 7772
WRITE (6,45)

45 FORMAT (10X,°'UNITS: PAMB(DEG F),PAMBUIN HG), RHUM(PCT)'/17X,
1 *PSTAT(IN H20), TRECOV(MV), PDYNCIN H20), XVOCIN}, TPLATE(MV)I'/17
X5 *TGAS(MV), QDOT(WATTS), SAFR(MV)I,HM(MV), CI(MV), THEAT(MV)'/)
RRITE (6,50) TAMB,PAMB,RHUM,THEAT

50 FORMAT(10X,'TAMB=', F6.1,5X,'PAMB=",F6.2, SX,"RELHUM=',F5.1,6%,
1 °*THEATER=',F46.3/)
WRITE (6,60) PSTAT,TRECOV,PDYN,XVO,END2,DXVO,DEND2

60 FORMAT (10X, 'PSTAT=',F6.2,5X,'TRECOV=",F6.3,5X, 'PDYN=",F6.3,5X%X,
1 *XV0=',F6.2,5X, 'END2=",F6.4,5X,'DXV0=",F6.4,5X, "DEND23",F6.4//)
WRITE (6.,70)

70 FORMAT (10X, 'PLATE'.6X, 'TPLATE',6X,'TGAS',6X,'QDOT*,4X,'VARIAC®,
} S5X,"SAFLOH",5X, "CURRENT®*,6X, *TCAST'/)
NP1l=1
WRITE (6,75) NP1,TO(1),Q(1),VAR(1),TCAST(1)

75 FORMAT (10X,I3,7X,F7.3,13X,F7.2,3X,F7.1, 27X,F7.3)
WRITE (6,802 (I,TOCI),TGCI),.QCI),VARII),SAFR(IJ,.CI(CI),TCAST(I),
1 122,12)

80 FORMAT (10X,I3,7X,F7.3,3X,F7.3,3X:F7.2,3X,F7.1,3X,F8.3,3X,F8.3,
1 5X,F7.32
WRITE(6,71)

71 FORHAT(/,10X,*PLATE®,6X, "TPLATE',6X, *HM')
WRITE(6,72)CI,TOC(I),HM(I),1=13,45)

72 FORMAT(10X,13,7X,F7.3,3X,F7.3)

7772 CONTINUE

DATA CONVERS(ON BLOCK

CONVERT ALL TEMPERATURES FROM MV TO DEG F
TRECOV=TC(TRECOV)
THEAT=TC(THEAT)
DO 90 1I=1,12
TOCI)I=TC(TO(CI))
TG(I)=TC(TG(I))
90 CONTINUE
DO 93 I=1,8
s TCASTC(I)=TC(C TCAST(I) )
DO $1 I=13,45
91 TOCI)=TC(TOCI))
PLATE AREAS
HOLE AREA
A=18.%1.968750/164.
AH=(3.1641593%0.406%0.406%0.25)/7144.
COMPUTE WIND TUKNNEL FLOW CONDITIONS
CALL TUNNEL
COMPUTE SECONDARY AIR FLOW RATE
CALL FLOW (KERROR)
IF (XERROR.GT.0) RETURN
COHPUTE SECOMNDARY AIR FLOW TEMPERATURES AND QFLON LOSS
CALL T2EFF (QFLOW)
COHPUTE NET ENERGY TRANSFER FROM TEST SECTION AND RECOVERY
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¢ REGICN
69 CALL POWER (TINF.,QFLOHW,A)
(-
c HRITE ALL CONVERTED DATA
70 IF CIPRINT.EQ.0) GO TO 1108
¢
71 MRITE (6,610) (XOMMNT(I), I=1,40)
72 WRITE (6.,100)
73 100 FORMAT (//,10X, UNITS: TPLATE(DEGF), TGAS(DEG F), QDOT(HATTS),",

1 717X, *SAFLOWCCFM),QFLUX(BTU/HR/SQFT),TEFF2(DEG F) '/}
74 WRITE (6,102)

75 102 FORMAT (10X, 'PLATE',6X, 'TPLATE',SX,'TEFF2',5X,'QDOT",
1 "6X,"QFLUX",6X, "SAFLOW',6X, "TCAST',6X, *TGAS',6X,
2 *TCAV'/)
76 WRITE (6,105) NP1,TO(1),Q(1),QDOT(1),TCAST(1),TCAV(1)
7 105 FORMAT(10X,I3,7X,F7.1,13X,F7.2, 5X.F7.2,14%X,F7.1,3X,F10.1)
78 WRITE (6,110) (I,TOCI),T2C(I),QCI),QDOTC(I),SAFR(I),
1 TCAST(I),TG(I),TCAV(I), 1I=2,12)
79 110 FORMAT(10X,13,7X,F7.1,3X,F7.1,3X, F7.2,5X,F7.2,1X,F8.2,
1 S5X,F7.1,2F10.1)
8o NRITE (66,1063
81 106 FCRMAT(/,10X,'PLATE',6X, ' TPLATE",6X, *HM"*,5X, "QFLUX" /)
82 WRITE(6,107) (I,TOC(I),HM(I),QDOT(I),I=13,36)
83 107 FORMAT (10X,13,7X,F7.3,3X,F7.3,3%X,F7.2)
84 I=108
8s WRITE (6,108) I,T0(45)
8¢ 108 FORMAT (10X,I3,7X,F7.3)
[ .
[~ COMPUTE STANTCN NUMBER
c
87 1108 CONTINUE
83 XVI=X(1)-XV0-1.0
89 IPD=S
30 IF (KM.EQ.1) IPD=10
[ X REYNOLDS NUMBER BASED ON VIRTUAL ORIGIN TBL
” 201 FACT=UINF/(VISC%12.)
92 DREX=FACT*DXVO
” DO 210 I=1,36
% 210 REX(I)=FACT*(X(I)-XV0)
c COMPUTE STANTON NUMBERS
95 DENOM=RHOG*UINF®*CP%3600.
%% DD 220 I=1,3$
7 STC(I)=QDOT(I)/(DENOM*(TO(I)-TADIAB))
Cc DST(I): UNCERTAINTY IN ST(I)
c DP : UNCERTAINTY IN MANOMETER PRESSURE , IN H20

8 DP=0.008

c DT: UNCERTAINTY IN TEMPERATURE, F
9 DT=0.25
100 DST(I1)=ST(I)*SQRT(DQDOTC(II*DQDOT(I)/(QDOTCI)I*QDOTC(I))+DPHDP/ (4 . *

IPDYN®PDYN)+DT#DT/((TOCI)~-TINF)I®(TOCI)}-TINF)))
101 220 CONTINUE
c COMPUTE DEL2 AND REDEL2 BASED ON ACTUAL ST-DATA

102 CALL ENTHAL (FACT,ST,REEN,END2)
[

103 1F CIPRINT.EQ.O0) GO TO 3310

104 RRITE (6,900)

105 WRITE (6,40) (NRNC(I), I=1,4)

106 TADBC=5.%(TADIAB-32.)/9.

107 TINFC=5,%(TINF~32,)/9.

108 UINFMS=UINFx0.3048
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147

A A

150
151
152
153

o0

OO0

XVOCM=XV0%2.56

RHOKM3=RHOG%16.02

VISCI=V1ISCx0.0929

CPJKGK=CP#4184.

WRITE (&,300) TADBC,UINFMS,TINFC,RHOKM3,VISCI,XVOCM,CPJKGK,PR

300 FORMAT(10X,'TADB=',Fé.2,' DEG C UINFe',F12.2," M/S TINF=",
1 F€.2," DEG C'/10X,'RHO=',F7.3,"' KG/M3 VISC=',El2.5,"' M2/S
2XY0=',F7.1,' CM'/10X,'CP=",F8.0," J/KGK PR=',F14.37)

WRITE(6,600) (KOMMNT(I),I=1,4%0)
600 FORMAT(I0X,40A2/)
3310 CONTINUE
IF 2ND PLATE HAS NO SECONDARY INJECTION , THIS PROGRAM ASSUMES THAT
IT IS A NO-BLOWING CASE.
IF (SM(2).EQ.0.) GO TO 400
IF (IPRINT.EQ.0) GO TO 345
WRITE (6,310)

310 FORMAT(10X,'PLATE®,3X,*X*,5X,'REX'",9X,"T0",6X, 'REENTH",7X,
1°'STANTON NO', 6X,'DST',6X, 'DREEN",4X, "M*".4X, 'F",6X,'T2",2X,
2°'THETA',3X,'DTH")

XCM=X(1)%2.54
TEMPC=5.%(TO(1)~32.)/9.
WRITE (6,320) NP1,XCM,REX(1),TEMPC,REENC1),5T(1),DST(1),DREENC])

320 FORMAT(10X,13,2X,F5.1,1X,E12.5,1%X,F6.2,2(2X,E12.5),2X,E9.3,2X,
1F5.0)

DO 340 1=2,12

XCM=X(I)*2.54

TEMPC=5.%(T0(1)-32.3/9.

TEMP2=5.%(T2(I)-32.)/9.

NRITE (6,330) I,XCM,REX(I),TEMPC,REENCI},ST(I),DST(I),DREENCI),
1SMCI),F(I), TEMP2,TH(I),DTH(I)

330 FORMAT(10X,13,2X,F5.1,1X,E12.5,1X,F6.2,2¢(2X,E12.5),2X,E%.3,2X,F5.0
102X,F5.2,F7.4,F6.2,F6.3,2X,F5.3)

340 CONTINUE

DO 341 1=13,3¢

XCM=X(1)%2.5¢4

TEMPC=5.%(TO(I)-32.)/9.

WRITE (6,331) I,XCM,REX(I),TEMPC,REENCI),STC(I},DST(I),DREENCI)

331 FORMAT(10X,13,2X,F5.1,1X,E12.5,1X,F6.2,2(2X,E12.5),2%X,E9.3,2X,
1F5.0)

341 CONTINUE

WRITE (6,334) DREX,DF

336 FORMAT (/12X,'UNCERTAINTY IN REX=',F6.0,9X, UNCERTAINTY IN F=*,

1F7.5,* IN RATIOD")
GO TO 345

STORE FLATPLATE EXPERIMENTAL DATA FOR STANTON NUMBER RATIO

400 DO 401 I=1,36
STNOB(I)=ST(I)
401 CONTINUE
WRITE (6,410)
410 FORMAT(10X,'PLATE®,3X,*'X"',5X,"REX"*,9X,"'TO",6X, "REENTH",7X, "STANTON
INO*,6X,'DST*,6X, "DREEN',S5X, "ST(THED)',6X, "RATIO")
DO 420 I=1,36
STT=.0295%PRux(~ Q)M (REX(I))nu(-.2)
IF (LLEQ.1)STT=STT#(1.-(XVI/(X(I)-XVD))%x_ 9)ux(~-1./9.)
RATIO=ST(I)/STT
XCH=X(1)%2.54
TEMPC=5.#(TO(1)-32.)/9.
RRITE (6,430) I,XCM,REX(I),TEMPC,REEN{I),ST(I),DST(I),DREENC(I),
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1 STT,RATIO

154 430 FORMAT(10X,713,2X,F5.1,1X,E12.5,1X,F6.2,2(2X,E12.5),2X,E9.3,2X,
1F5.0,E15.5,F9.3)
158 620 CONTINUE
156 IF CIPRINT.EQ.0) WRITE (6,900)
157 60 T0 5
c
c
c STORE VALUES FOR TH=0
158 345 IF (KT.EQ.1) G0 TO 360
c
159 350 DO 351 I=z1,12
160 SMOCI)=SM(I)
161 FOCI3=F(I)
162 THOCI)=TH(I)
163 DTHO(I)=DTH(I)
166 STOCI)=ST(I)
165 DSTO(I)=DST(I)
166 REXO(I)=REX(I)
167 351 CONTINUE
168 DO 352 I=13,36
169 STOCI)=ST(I)
170 DSTOCI)=DST(I)
171 REXDCI)=REX(I)
172 352 CONTINUE
173 FACTO=FACT
174 DFO=DF
175 DO 353 1=1,4
176 353 NRNOCI)=NRN(I)
177 DO 354 1=1,40
178 356 KOMNTOCI)=KOMMNTC(I)
179 60 T0 5
C
c COMPUYTE STANTON NUMBER AT TH=0 AND TH=1 BY LINEAR SUPERPOSITION
[
180 360 FAVGQ=0,
181 FAV=0.
182 THAVO=0.
183 THAV=0.
1846 DO 361 1=2,12
185 THAVO=THAVO+THO(I)
186 THAV=THAV+TH(I)
187 FAVO=FAVO+FQ(I)
188 FAV=FAV+F (1)
189 361 CONTINUE
190 THAVO=(THO(11)+THO(12)) /2.
17 THAV=C(TH(11)+TH(12))/2.
192 FAVO=FAVO/11.
123 FAV=FAV/11.
1% FBAV= 5% (FAVO+FAV)
195 STNOB(1)=ST0(1)
1%¢ STCR(1)=STO(1)/STNDB(1)
197 STNOB(1)=5T(1)
198 STHR(1)=ST(1)/STNOB(1)
199 STYHRB(1)=STHR(1)
200 TH(1)=TH(2)
201 THO(13=THO(2)
202 DO 362 1=2,12
203 DENOM=(TH(I-1)+TH(I))/2.~-(TRO(I-1)+THO(TI)) 2.
206 STS(I)=(STOCI)~ST(I))/DENON
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205
206
207
208
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210

211
212
213

214

215
216
217

218
219
220
221
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223
224
225
226
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228
229
230
231
232

233
234
235

236

237
238
239

2640
241
2642

243
2446
2645
266
267
248
249
250
251

¢
c

c

<

374

375

362

372

373

363

370

DNUM=(THOCI-1)+THO(I}) /2.

STCOLCI)=STO(I)+DNUMXSTS(I)

DNUM=(TH(I-1)+TH(I))/2.-1.

STHOT(I)=ST(I)+DNUMXSTS(I)

FB(I)=0.5%(FO(I)I+F(I))

ETA(I)=STSC(I)/STCOL(I)

COMPUTE STANTON NUMBER RATIO FOR TH=1l (IF L=2 USE FLAT PLATE
EXPERIMENTAL DATA)

IF (L.EQ.2) GO TO 374
STNOB(I)=.029S5%PRx®%(~.4)%(REX(I))*%(~,2)

IF (L.EQ.1)STNOB(I)=STNOBC(II*(1l.=-(XVI/Z(X{I)=XVO))I%%(0.9))x%n
1(-1.79.)

STHR(I)=STHOT(I)/STNOB(I)

COMPUTE STANTON NUMBER RATIO FOR TH=0 (IF L=0 USE FLAT PLATE
EXPERIMENTAL DATA)

IF (L.EQ.2) GO TO 375
STNOB(I)=STNOB(I)M*(REX(I)/REXOCI))I»%(0.2)?

IF (L.EQ.1)STNOB(I)=STNOB(I)*#(1.~-(XVIXFACTO/REXCCI))I*»x(0.9))xn
1¢(-1.79.)

STCR(I)=STCOL(I)I/STNDB(I)

STSR(I)=STHOT(I}/STCOL(I)

BHCOL(I)=FO(I)/STCOLC(I)}

BHOT(I)=F(I)/STHAT(I)

STSF(I)=ALOG(1.+BHOT(I))/BHOT(I)

CORRECT STANTON NUMBER RATIO FOR TH=1 TO COMPARABLE TRANSPIRATION
CASE USING ALOG(1.+B)s/B EXPRESSION

STHRB(I)=STHR(I)/STSF(I)

STSR(I)=STSR(I)/STSF(I)

SF(I)=F(I)*STHOT(I)

SFOCI)=FOC(I)I*STCOLCI}

CONTINUE

DO 363 I=13,26

STS(I)=(STO(I)~-ST(I))/(THAV-THAVD)
STCOL(I)=STOCLI)+THAVO*STS(I)
STHOT(IX=ST(I)+(THAV-1.03)%STS(I)

ETACI)=STSC(I)/STCOLC(I)

COMPUTE STANTON NUMBER RATIO FOR RECOYERY REGION, TH=1

IF (L.EQ.2) GO TO 372
STNOB(I)=.0295%PR*%(— .4 )% (REXCIII*%(—~.2)

IF (L.EQ.1)STNOB(I)=STNOB(CI)*(1.-C(XVI/(XCI)=XVO))I%%(0.9))xx
1¢-1.79.)

STHR(ID=STHOT(I)/STNOB(I)

COMPUTE STANTON NUMBER RATIO FOR RECOVERY REGION, TH=0

IF (L.EQ.2) GO TO 373
STNOB(I)=STNOB(I)*(REX(I)/REXD(1))*%(0.2)

IF (L.EQ.1)STNOB(I)=STNOBCI)I®N(l.-(XVI*FACTO/REXOCI))I*X(0.9))un
1(-1.79.)

STCR(IJI=STCOL(I)/STNOB(I)

STSR(I)=STHOT(I)/STCOL(I)

CONTINUE

COMPUTE DEL2 AND REDEL2 BASED ON ST-DATA AT TH=0 AND TH=1

STCOL(1)=STO(1)

STHOT(1)=ST(1)

STS(1)=STO(1)-ST(1)

DO 370 1=1,12

FH(I)=F(])

TH(I)=1.0

CALL ENTHAL (FACT,STHOT,RENHOT,END2?

DO 450 I=),12

FCI)=FO(I)

86



252
253
254
255
256
257

258
259
260
261
262
263
264
265

266
267

248
269
270

271

272
273

276
275

27¢
277

278
279

280
281
282
283
284
285

28¢
287
288
289
290

291

OO0

TH(1I)=0.
6450 DTH(1)=DTHO(I)
DF=DFO
DO 460 I=1,36
460 DST(1)=DSTO(I)
CALL ENTHAL (FACTO,STCOL,RENCOL,END2)

IF CIPRINT.NE.1) GO TO 462

NRITE (6,900)

HRITE (6,40) (NRNOCI), I=1,64)
WRITE (6,610) (XKOMNTO(I), I=1,40)
HRITE (6,40) (NRN(I), I=1,4)
WMRITE (6,610) C(KOMMNT(I), I=1,40)

662 WRITE (6,371) (NRNOC(CI), I=1,4),(NRN(I), I=1,6)

371 FORMAT (10X, 'LINEAR SUPERPOSITION IS APPLIED TO STANTON NUMBER®,
1' DATA FROM*®/10X,'RUN NUMBERS ',6A2,*' AND ',4A2,' TO OBTAIN'

2, STANTON NUMBER DATA AT TH=0 AND TH=1'7)
WRITE(6,364)

364 FORMAT (/+7X,"PLATE",3X, '"REXCOL"*,4X, *RE DEL2',3X,*'ST(TH=0)",6X,
1*REXHODT',4X,'RE DEL2',3X,'ST(TH=1)",4X,'ETA*,4X,'STCR"',4X,"F-COL"',
25X, *STHR' ., 64X, "F-HOT',4X, *LOGB'/)

WRITE(6,365) (I,REXOCI),RENCOL(I),STCOL(I),REXCI),RENHOTC(I),
ISTHOT(I),ETACI),STCR(I),FOCI),STHR(I),FH(I) ,STHRB(I),I=1,12)

365 FORMAT((10X,I2,2(2%X,F9.1),1X,F9.6,2(2X,F9.1),1X,F9.6,2(2X,F5.3),
12X,F7.4,2X,F7.3,2X,F7.4,F8.3))

WRITE(6,366) (I,REXOCI),RENCOL(I),STCOLCI),REX(I),RENKOT(I),
1STHOT(I),ETACI),STCR(I),STHR(I),I=13,36)

366 FORMAT((10X,12,2(2XsF9.1),1X,FF.6,2(2X,F9.12,1X,F%.6,2(2X, FS 3,
111X,F7.3))

IF (L.EQ.0) WRITE (6,505)

$05 FORMAT (//,10X,'STANTON NUMBER RATIO BASED ON ST*PR¥%0.4=0.0295%RE
1Xnx(=-,2)")

IF (L.EQ.1) WRITE (6,510)

510 FORMAT (//,10X, STANTON NUMBER RATIO BASED ON ST#PR%%0.4=0.0295%RE
IXn(—-.2)%() - (XI/(X=XVO))I*®0.9)%%(-1.,9.)")

IF (L.EQ.2) WRITE (6.515)

515 FORMAT (//,10X,'STANTON NUMBER RATIO BASED ON EXFERIMENTAL FLAT PL

1ATE VALUE AT SAME X LOCATION")
HRITE (6.520)

520 FORMAT (//,10X,'STANTON NUMBER RATIO FOR TH=) IS CONVERTED TO COMP
LTARABLE TRANSPIRATION VALUE '/10X,'USING ALOG(1 + B}/B EXPRESSION I
2N THE BLOWN SECTION')

1F (IPRINT.EQ.D) WRITE (6,900)
GO 10 S

2000 WRITE (6,900)

900 FORMAT (1H1)
RETURN
END

FUNCTION TC(T)

FUNCTION CONVERTS TEMP FROM IRON~CONSTANTAN MV TO DEG F
TH=-2220.703+781.25%SQRT(7.950782+0.256#T)
TCxTM+69.97-1.26E-03%TM~,32E~04nTH®TH
RETURN
END

SUBROUTINE TUNNEL

THIS ROUTINE COMPUTES THE WIND TUNNEL FLOW CONDITIONS
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c UINF FREE STREAM VELOCITY (FT/SEC)
c TINF FREE STREAM STATIC TEMPERATURE (DEG F)
c RHOG FREE STREAM DENSITY (LBM/FT3)
c viIsc FREE STREAM KIMEMATIC VISCOSITY (FT2/SEC)
c cP FREE STREAM SPECIFIC HEAT (BTU/LBM/DEG R)
c PR FREE STREAM PRANDTL NUMBER
[ [ FREE STREAM ABSOLUTE HUMIDITY (LBM H20/LBM DRY AIR)
[
292 COMMON/ BLKl /PAMB,PSTAT,TRECOV,RHUM,PDYN
233 COMMON/ BLK2 /ZUINF,TINF,TADIAB,RHOG,VISC,PR,CP,W
c
c SATURATION DATA FROM K AND K 1969 STEAM TABLES
2%4 DIMENSION TEMP(10),PSAT(10),RHOSAT(10)
295 DATA TEMP/ 40., 50.0, 60.0, 70.0, 80.0,
1 90.0, 100.0, 110.0, 120.0, 130.0/
29%¢6 DATA PSAT/ 17.519, 25.636, 36.907, 52.301, 73.051,
1 100.627, 136.843, 183.787, 244.008, 320.400/
297 DATA RHOSAT/ .0004090, .0005868, .0008286, .0011525, .0015803,
1 .0021381, .0028571, .0037722, .0049261, .0063625/
298 REAL NU,MFA,MFV,MHA,MWV,JF
299 TAMB=TRECOV
300 DO 10 N=1,9
301 IF(TEMP(N).GT.TAMB) GO TO 20
302 10 CONTINUE
303 20. T = TEMP(N)
304 EPS = T - TAMB
305 VAPH = PSAT(N)
306 VAPL = PSAT(N-1)
307 VEPS = VAPH - VAPL
3jos RHOH = RHOSAT(N)
309 RHOL = RHOSAT(N-1)
310 REPS = RHOH - RHOL
311 RHOG = RHOL + (10.0 -~ EPS)®REPS/10.
312 RA=15645.32/258.970
313 PG = VAPL + (10.0 - EPS)*VEPS/10.0
314 PUNITS=2116.21/33.932/12.
315 P=PAMBX%2116.21/29.9213 + PSTAT*PUNITS
316 RHUM=RHUM/100.
317 PVAP = RHUM®PG
313 PA = P ~ PVAP
319 RHOA = PA/(RAX(TAMB + 459.67))
320 RHOV = RHUMXRHOG
321 W=RHOV/RHOA
322 RHOM = RHOA + RHOV
323 MHA = 28.570
324 MWV = 18.016
325 MFV = RHOV/RHOM
32¢ MFA = 1,0 - MFV
327 RM = 15645.32%(MFA/MUA + MFV/MHV)
328 CP = MFAX0.240 + MFVx0.645
329 6C=32.1739
330 JF=778.26
331 RCF=0,7%%0,33333
¢ RECOVERY FACTOR FOR WIRE NORMAL TO FLOMW
332 RTC=0.68
33 RHOG=(P/RM+PDYN®PUNITS*¥RCF/(CP*JF))/(TRECOV+459.67)
334 UINF=SQRT(2.*GC*PDYN®PUNITS/RHOG)
335 TINF2TRECOV-RTC®UINFHUINF/(2.%GCHJIFRCP)
33¢ VISC=(11.+40.0175TINF)/(1.EQ6%RHOGIN(1.~.7nNW)
337 PRe.710%(530./C(TINF+459.67))8n( 1)n(1.+.9%H)
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338
339
340
341

342

343
344
345
346
347
348

349

350
351
352
353
354
355

356
357

358
359
360
361
362
363
364
365
366
367
368

369
37¢0
7

372

373
374

375

(4 NOTE FOR HIGH VELOCITY THIS ROUTINE SHOULD BE ITERATED
(~ CONVERT TO ADIABATIC WALL TEMPERATURE
RCF=PR%%0,33333
TADIAB=TINF+RCF*UINFXUINF/(2.%GCxJF%CP)

RETURN
END
SUBROUTINE FLOW (KERROR)
c
c THIS ROUTINE COMPUTES SECONDARY AIR FLOW RATES
c
c SAFRCI) SECONDARY AIR FLOW RATE CORRECTED FOR TEMPERATURE
c AND HUMIDIY (CFM)
c
COMMON/ BLK1l /PAMB,PSTAT,TRECOV,RHUM,PDYN
COMMON/ BLK2 /UINF,TINF,TADIAB,RHOG,VISC,PR,CP,N
COMMON/ BLK3 /SAFR(12),CI(12),SM(12),F(12),KH,AH, THEAT
COMMON/ BLK& /T0(45),TG(12),T2¢(123,TCAST(8),TCAV(12),TH(12)
DIMENSION X(5),Y(5).B(4),FMC(12),TM(12)
DATA FMC/ 1.0, 1.122, .906, .989, .924, .905, .905, 1.017,
1 .912, .893, .915, .923/
c CALIBRATION CURVE DATA

DATA X,Y /0.35, 0.90, 1.12, 1.35, 1.5,
$3.0, 4.05, 2.00, 1.00, 0.69/
KERROR=0
DO 10 I=1,4
10 BCID=ALOG(Y(I)/Y(I+1))/ALOGI(XC(TII/X(I+1))
FACT=1,.0+0.22%W
DO 20 I=2,12
IF (SAFR(I).EQ.0.) GO TO 28
c TM IS ESTIMATE OF SECONDARY AIR TEMPERATURE AT FLOWMETER STATION
TMCI)= . 5% (TGCI)+THEAT)
SAFR(I)D=SAFRCII*(C((TM(I)+459.67)/530.)%n0.7)%FACT*(30.00/CI(I))*x2
1 *EMCCI)
20 CONTINUE
FACT=1.040.7%KW
DO 40 I=2,12
IF (SAFR(I}.EQ.0.) GO TO 40
IF (SAFR(I).LT.X(1).OR.SAFR(I).GT.X(5)) GO TO 100
DO 30 K=1,5
IF (X(K).GT.SAFRCI)) GO TO 35
30 CONTINUE
35 Z=Y(K-1)%(SAFR(II/X(K-1))®*xB(K~1)
SAFRCIN=Z/((S30./(TM(I)+459.67))%x0,76)/FACT
40 CONTINUE

c NOTE UNCERTAINTY CALCULATION FOR FLOWRATE COMPUTED IN
( SUBROUTINE T2EFF
RETURN

100 WRITE (6,200) SAFR(I)
200 FORMAT (10X,*FLCWMETER READING OUT OF RANGE, EMF=',E12.5,/710X,
1 'DATA SET REDUCTION TERMINATED®)
KERROR=2
RETURN
END

SUBROUTINE T2EFF (QFLOW)

THIS ROUTINE COMPUTES

000
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376
377
378
379
380
381
3s2
383
384
385
38¢
387
388
389
3%0
391
392
393
3%4
395
39%¢
397
398
399
400

401
402
403
404
405
406
407
408

409
410
411
412
413
414
415
61¢
417
418
419
420
421
422
423
426

OAAONOOONOD

cc

16

26

33

31
30

KFLCI) EXPERIMENTAL CONDUCTANCE FOR COMPUTING QFLOW
KCONV(I) EXPERIMENTAL CONDUCTANCE FOR COMPUTING T2EFF

T2¢(1) EFFECTIVE SECONDARY AIR TEMPERATURE

QFLOW(I) ENERGY LOSS FROM PLATE TO SECONDARY AIR

TH(I) THETA=(T2-TINF)/(TQ-TINF)

SM(I) VELOCITY®DENSITY RATIC, SECONDARY AIR TO MAINSTREAM

F(1) MASS FLUX RATIO., SECONDARY AIR TO MAINSTREAM, WHERE
FaMuAH/ (PxP)

COMMON/ BLK1 /PAMB,PSTAT,TRECOV,RHUM,PDYN
COMMON/ BLK2 /UINF,TINF,TADIAB,RHOG,VISC,PR,CP,H
COMMON/ BLK3 /SAFR(12),CI(12),SM(12),F(12),KM,AH, THEAT
COMMON/ BLKG /T0(45),TG(12),T2¢(12),TCAST(12),TCAV(12),TH(12)
COMMON/ BLK6 sDXVO,DEND2,DF,DREEN(36),D05T(36),DQDOT(36),DTH(12)
REAL KCONV(12),KFL(12),KL,KR
DIMENSION QFLOW(12)
KL=.5
KR=.5
CALL CAVITY (KL,KR)
FACT=.0748643%.24%60.
QFLOK(1)=0.0
HOLE9=9.
HOLES8=8.
DO 16 I=2,12,2
KCONV(1)=0.
KFL(1)=0.
IF (SAFR(I).EQ.0.) GO TO 1¢é
IF ¢(KM.NE.1) GO TO 8
HOLE9=5.
IF (1.EQ.4.0R.I.EQ.8.0R.I.EQ.12) HOLE9=4.
SAFR(I)=SAFR(I)I*9./HOLE9
KFLCI)=0,.0177%SAFR(I)%%0.5480%HOLEY
KCONV(I)=0.0179%SAFR(I)*¥0.5662%HOLE9/FACT
CONTINUE
KFL COMPUTED FOR 8 HOLE ROW USING FACTOR HOLE9 INSTEAD OF HOLES
DO 26 1=3,12,2
KCONV(1)=0.
KFL(I)=0.
IF (SAFR(I).EQ.0.) GO TO 26
SAFRCI)=SAFR(I)*9./HOLES
KFLCI)=0.0177%SAFR(I)**0,5480%HOLEY
KCONV(1)=D.0179%SAFR(II*%0.5662%HOLE9/FACT
CONTINUE
EFFECTIVE 'T2',AND 'QFLOHW'.
DO 30 I=2,12,2
IF (SAFR(I).EQ.0.) GO TO 31
IF (XM.NE.1) GO TO 33
HOLE9=5,
IF (1.EQ.4.0R.1.EQ.8.0R.1.€Q.12) HOLE9=64,
SAFR(I)=SAFR(II*HOLE9/S.
TBAR=(TO(I)+TCAV(I-1))%0.5
IF (1.EQ.2) TBAR=TO(I)
IF (1.£Q.2) KCONV(I)=KFL(I)/FACT
T2CI)=TGCIX+(TBAR-TG(I))%(1.-EXP(-KCONV(I)/SAFR(I)))
QFLOHCI)=KFL(II®(TOCI)-T2(I))
G0 10 30
T2¢1)=T0(1)
QFLOW(I)=0,
CONTINUE
DO 40 I=3,12,2
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425
426
427
428
429
430
431
632
433
434

435
436

437

438
639
440

'3}

442
443
4446
465
446
4487
668
449
450
451
452
453
654
455
456
457

458
459
460
661
462

463
L1 1
465
466
467
448

449

(2 2N » ]

O

000

41
%0

D
200

“8

50

60

IF (SAFR(1).EQ.0.) GO TO 41

SAFR(I)=SAFR(I)*®HOLESB/9.

TBAR=(TO(I)+TCAV(I-1))»0.5

IF (1.EQ.3) TBAR=TO(I)
T2(I)=TG(I)+(TBAR~TG(I))I*(1.-EXP(-KCONV(I)/SAFR(I)))
QFLOUWCI)=KFL(I)*(T0CI)~-T2(1))

60 TO 40 :

T2¢(I)=T0C1)

QFLOU(I)=0.

CONTINUE

COMPUTE THETA=(T2-TINF)/(TO-TINF)
TH(1)=0.

DTH(13=0.
DT: UNCERTAINTY IN TEMPERATURE, F
DT=0.25

DT2, UNCERTAINTY IN T2, DEG F
DT220.5

DO 200 I=2,12
THC(IX=(T2(I)-TINF)I/Z(TO(I)-TINF)
TH{I): UNCERTAINTY IN TH(I)
DTHC(I}=SQRT(DT2#%2+(TH(I)*DT)*%2+C((1.~-THC(I)I®DT)#%2)/(TOCI)-TINF3}

FACT=AH/(2.%2./144.)

IF (XM.EQ.1) FACT=AH/(4.%4,/7144.)

DO 50 I=2,12,2

IF (KM.NE.1) GO TO 48

HOLE9=5.

IF (1.EQ.4.0R.I1.EQ.8.0R.I.EQ.12) HOLE9=4,
F9=AHX60.%UINF*HOLE9%RHOG

RHOS2RHOG* (TINF+459.67)/7(T2(1)+459.67)
SM(I)X=SAFR{1)%RHOS/F9

FC(I)=SM(I)®FACT

CONTINUE

F8=AHX60.#UINF=«HOLE8*RHOG

DO 60 I=3,11,2
RHOS=RHOG*(TINF+459.67)/7(T2(1)+45%9.67)
SM(I)=SAFR(I)*RHOS/F8

FCI)=SM(1)*FACT

ADJUST F,TH FOR P/D=10

IF (KM.EQ.1) F(IJ=F(I-1)

IF (KM.EQ.1) TH(I)=TH(I-1)

CONTINUE

SM(1)=0.

FC(1)=0.

DP t UNCERTAINTY IN MANOMETER PRESSURE , IN H20
DP=0.008
DSAFR: UNCERTAINTY IN SECONDARY FLOW RATE,RATIO
DSAFR=0.05
F: UNCERTAINTY IN F , RATIO
DF=SQRT(DSAFR¥DSAFR+DP*DP/ (4. ¥PDYN®PDYN))
IF (SM(2).EQ.0.0) DF=0.0
RETURN
END

SUBROUTINE CAVITY (KL.KR)

THIS ROUTIMNE COMPUTES TEST SECTION CAVITY TEMPERATURES
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470
471
872
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
4238
489

49%0

491
§92
453
494
495
496

497

498

499
500
501

NDOOOOOOOO

(3

[ 3 (" NN

DUN-

1

]

REAL KL,KR

COMMON/ BLKG /T0(45),TG(12),T2(12),TCAST(12),TCAV(12),TH(12)
DELTI= TCAST{(S5)-TCAST{(3)

DELT2= TCAST(4)-TCAST(2}
TCAV(1)=KL*(.982%TCAST(3)+.987%TCAST(2))

TCAV(2)=KL»* (TCAST(3)+TCAST(2))
TCAV(3)=KL*(TCAST(3)+ . 4#DELT1)+XR¥(TCAST(2)+.4%DELT2)
TCAV(4)=KL*¥(TCAST(3)+.6%DELTY)+KR*(TCAST(2)+.6%DELT2)
TCAV(5)=KL*¥({TCAST(3)+.833#DELT1)+KR*(TCAST(2)+.833%DELT2)
TCAV(6)=KL*(TCAST(5)+TCAST(4))

DELT3=TCAST(7)-TCAST(5)

DELT4=TCAST(6)-TCAST(4)
TCAV(7)=KL#(TCAST(5)+,.333%DELT3)+KR*(TCAST(4)+.333%DELT4G)
TLCAV(8)=KL*(TCAST(5)+.54DELT3)+KR¥(TCAST(4)+.5%DELT4)
TCAV(9)=KL*(TCAST(S)+.667%DELT3I+KR*#(TCAST(4)+.667%DELTS4)
TCAV(10)=KL*(TCAST(5)+.833«%DELT3 ) +KR#(TCAST(4)+.833%DELTS)
TCAV(11)=KL*(TCAST(7)+TCAST(6))
TCAV(12)=KL®#(1.G02%TCAST(7)+1.002%TCAST(6))

RETURN

END

SUBROUTINE POWER (TINF,QFLOW,A)
THIS ROUTINE :

(1) CORRECTS THE INDICATED PLATE POWER READING FOR
WATTMETER CALIBRATIUN AND CYRCUIT INSERTION LOSSES

(2) COMPUTES NET ENERGY LOST FROM PLATES BY FORCED
CONVECTION HEAT .TRANSFER

(3) COMPUTES HEAT FLUX FROM RECOVERY REGION PLATES

COMMON/ BLKS% /T0(45),TG(12),T2(12),TCAST(12),TCAV(12),TH(12)
COMMON/ BLKS5 /Q(12),HM(45),VAR(12),QD0T(36)
COMMON/ BLK6 /DXVO,DEND2,DF,DREEN(36),DST(36),DQDOT(363,DTH(12)
REAL KL,»KR,K
DIMENSION ROC12),RBOC12),RR(12),RLODC12),RUAT(12),RONC1I2),RL(12)
DIMENSION XB(12),QFLDW(1} »K(39),5(40)

CONDUCTION LOSS CONSTANTS FOR TEST SECTION

DATA K/ .8711, .6615, .6495, .5457, .5147, .4901,
.4770, .4795,.4325, .4865, .4¢87, .4772,
HEAT FLUX METER CALIBRATION CONSTANTS NO 13-36
34.00, 35.30, 35.04, 34.06, "33.64, 32.25,
24.83, 34.04, 27.55, 31.55, 31.09, 31.80,
34.01, 34.26, 32.21, 31.09., 24 .50, 31.46,
33.02, 39.35, 32.73, 23.60, 36.27, 33.24,
HEAY FLUX METER CALIBRATION CONSTANTS NO 106-108
32.53, 32.62, 36.65/
AXIAL CONDUCTION LOSS CONSTANTS
DATA S~/ 1.200 , 11%2.3, .950 , 6.23, 4.962, 5.014, 6,965,
$.118, 5.183, 4.777, &.649%94, 5.480, 5.020, 5.597,
5.254, 5.169, 5.254, 5.356, S.211, 5.370, 5.583,
“.9906, 5.435, 4.872, 5.557, 5.545, 5.585,
4.983, 5.056, 6.34 /
WATTMETER CIRCUIT RESISTANCES
DATA RO 7 8.476, 8.595, 8.500, 8.506, 8.478, 8.571,
8.549, B8.641, 8.550, 8.638, 8.481, 8.5064/
DATA RBO 7/ 8.386, 8.502, 8.426, 8.418, 8.386, 8.471,
8.445, B8.574, 8.509, 8.528, 8.391, 8.393/
DATA RR 7/ 0.0408, 0.0541, 0.0406, 0.0411, 0.0413, 0.0612,
0.0410, 0.0415, 0.0409, 0.0409, 0.0406, 0.0406/
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3503
504
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S0¢
507

508
509
510
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512
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1L
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515
51¢
517
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527
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538
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540
S41

542

543
544

o000

000

C
c

DATA RLOD/ 8.256, 8.331, 8.237, ¢&.221, 8.239, B8.269,
3.227, 8.238, 8.250, B8.253, 8.240, 3.248/

DATA RUHAT/ 8.400, 8.484, 8.379, 8.387, B8.405, 38.429,
8.422, 8.541, 8.544, B8.413, 8.386, 3.4l1lls

DATA RON / 8.313, 8.387, 8.281, &8.282, 8.316, 8.335,
8.330, 8.455, B8.451, B8.428, B8.296, 8.291/

DATA RL 7/ 7.%946, 7.%964%, 7.946, 7T.946, 7.946, 7T.946,
7.966, 7.946, 7.946, 7.946, 7.946., 7.9467

DATA XB 7/ 12%0.7

DATA RA,XA,RV,RVM/ 0.064, 0.063, 7500.0, 5300.0/

- [ [ 4 [

THIS BLOCK CORRECTS INDICATED WATTMETER READING USING
WHATTMETER CALIBRATION EQUATION
DO 10 1=1,12
QP=Q(1)/75.
QCOR=QP%(0.0728%QP-0.06427#QP%QP-0.0292)
QCOR=0.99%Q(I)+QCORX®75,

THIS BLOCK CORRECTS FOR MWATTMETER INSERTION LOSSES
VARRSRR(TI)»VAR(I)
SUMRO=RO(I)+VARR

SUMBRN=RRAN(T }+VARR

PWIIRLWYEROWL L /FTVARR

FP1laRWATC(I)/RVM+1.
ZROSQ=SUMRO*SUMRO+(XB(I)+XA/FPL1)*(XB(I)+XA/FP1)
ZRBOSQ=SUMRBO*SUMRBO+XB(I)Y*XB(I)
RVMONS=(RVM/(RVM+RCONC(I)}II*(RVM/(RVM+RON(I) )2
ZVALSQ=(RV+RA+RLODCIJI#(RV+RA+RLOD(I) I+XA%XA
QCI)=QCORX(ZROSQ/ZRBOSQI*#(ZVALSQ/RV/RVI%RVMONS
1 %FPIxFPIx(RL(I)Z7C(RA+RLOD(I)))

10 CONTINUE

THIS BLOCK CORRECTS POWER DELIVERED TO PLATES
IN TEST SECTION FOR CONDUCTION,RADIATION, AND QFLOMW LOSSES

SF=].

ENIS=0.15

TAR=(TINF+460.)7100.

KL=0.5

KR=0.5

CALL CAVITY (KL,XKR)

TUP=TO(45)

TDOWN=TO(13)

TH1=TO(45)+K(39)«HM(45)/20.5
TH12=TOC13)+K(13)%HM(13)/20.5
YOC13)=0.75%TOC(13)+0.25%TW12
TO(45)=0.75%T0O(45)+0.25%TW1

IF (HM(13).E£Q.0.) TO(13)=0.5%(T0C12)+TC(13))

IF (HM(45).EQ.0.) TO(45)=0.5%(T0(1)+T0(45))

DO 109 I=1,12

FTOR=(TO(I)+460.)7100.

IF(1.EQ.1) GO YO %8
QCOND=K(II®(TOCI)-TCAVI{III+SCII®(TO(I)-TOCI-1))+SC(I+1)%(TOCI)~
1 TOCI+1))

60 TO 100

983 QCOND=K(IX*(TOC(IDI-TCAV(I))+S(II*(TO(I)~TO(GS5))

1 +SCI+1)n(TOCI)-TO(I¢1))

100 QRAD=ANSFXEMIS#.1714%(TOR®TOR#TORXTOR-TARXTARXTAR®TAR)

ENERGY BALANCE IS APPLIED YO PLATE
QLOSS=QCOND+QRAD+QFLOU(T)
QCI)=Q(I3-QLOSS/3.4129
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109

QDOT(IN=Q(I)"3.4129/A
CONTINUE

T0(45)=TUP
TOC(13)=TDOWN

THIS BLOCK COMPUTES HEAT FLUX FROM RECOVERY REGION PLATES
SF=1.0
EMIS=0.15
TO(37)=T0(36)-.332%#(TO(36)-TO(373)
S$(13)=7.0%5(13)
TAR=(TINF+460.),100.
DO 200 I=13,36
TOR=(TO(I1)+460.)7100.

200 QDOT(I)=K(I)%HM(I)*(1.+(80.-TO(1))/700.)

I=SCI)*(TOCI)-TOCI-1))~-S{I+1)#(TOCI)-TOCI+1))
@ ~SFHEMIS*.1714%(TORXTOR®TORXTOR-TAR*TAR%TAR®TAR)
§$(13)=5(13)/7.0

ASSUME ALL PROPERTIES CORRECT, AFTER TEMPERATURE-HUMIDITY CORRECTION.
DQ: ENERGY BALANCE ERROR, WATT
DQ=0.3
HM: UNCERTAINTY IN HM(I),MV
DHM=0.025
DK: UNCERTAINTY IN HEAT FLUX METER CALIBRATION,RATIO
DK=0.03
DS: UNCERTAINTY IN CONDUCTION CORRECTION ON HEAT FLUX METER,RATIC
DS=0.05
DT: UNCERTAINTY IN TEMPERATURE, F
DT=0.25

DQDOT: UNCERTAINTY IN HEAT FLUX,BTU/HR.SQFT

711
712

DO 711 I=1,12

DQDOT(I)=DQ*3.4129/A

DO 712 I=13,36
DQDOTL(I)=SQRT(DK*DK*K(I)%KCIIXHM(T)*HMCI)+K(IIXKCI)*DHM*DHM+DT*DT
IRC(SCI)%S(II+SCI+1)%SCI+2))+DS*DS*(SCII*SCII(TO(II-TOCI-1))»(TO(I)
Q=TOC(I-1))+SCI+1)*SCI+1)%(TO(I)-TOCI+1))I*(TOC(I)~-TQL(I+1))))

RETURN
END

SUBROUTINE ENTHAL (FACT,ST,REEN,END2)
COMPUTE ENTHALPY THICKNESS, ASSUMING THERMAL BL BEGINS AT

KIDDLE OF PLATE 1. COMPUTATION BASED ON CONTROL
VOLUME FOR ENERGY ADDITION WITH BOUNDRIES PLATE CENTER
TO PLATE CENTER(EXCEPT PLATE 1)

COMMON/ BLK3 /SAFR(12),CI(C122,SM(12),F(12),KM,AH, THEAT
COMMON/ BLKG /T0(45),TG(12),72¢12),TCAST(12),TCAV(12),TH(12)
COMMON/ BLK6 /DXVO,DEND2,DF,DREEN(36),DST(36),DQDOT(36),DTH(12)
DIMENSION ST(1),REEN(1),D2(36),DD2(36)

TH(1)=0.0

DTH(1)=0.

F(1)=0.0

DX=1.

DHX=,515625
DX: UNCERTAINTY IN DX, IN

DDX=20.005

D2(1)=END2

DD2(1)=DEND2

IF (END2.EQ.0.) D2(1)=ST(1)«DX
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$92
593
594
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59%6
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600

IFC.NOT.END2.EQ.0.) GO 7D 229
c DD2(I): UNCERTAINTY IN ENTHALPY THICKNESS, D2, IN
DD2¢1)=SQRT(DX*DX*DSTC(1)#DST(1)+ST(1)I%ST(1)*DDX*DDX)
229 DO 230 I=2,12
D2CI)=D2C(I~1)+(STC(I=-1)+STCII+2. ¥F(I-1)®#TH(I~-1))»DX
AL=STCI)I#STCI)+STCI-1)%STCI-1)+FCI)*F(II®THC(I)®TH(I)+F(I-1)%
1FC(I-1)%THC(I-1)#TH(I-1)

BEsDST(I)*®DST(I)+DST(I-1I%DSTCI-1)+F(II#F(IXXDTH(I)*DTH(I)+
1FCI-1)%FCI-1)*#DTH(I-1)%DTHCI-1)+DF*DF#(F(IIXF(II*®THC(II%TH(I)+
QFCI-1)%F(I-1)%TH(I-1)%TH(I-13)

230 DD2CI)=SQRT(DD2(I-1)%DD2(I-1)+DDX*DDX*AL+DX*DX%BE )
D2C13)=D2(12)+(ST(12)+2.#F(12)%#TH(12)3%#DX+ST(13)%xDHX
DD2¢13)=SQRT(DD2(12)%DD2(12)+DDX#DDX*¥(ST(12)%ST(12)+ST(13)»ST(13)

I4FC12)%FC12)%THC12)%TH(12)) +DWX*DWX*DST(13)%DSTC(13)+ DX*DXw(
2DST(12)#DSTC12)+F(12)#F(12)%DTH(12)*DTHC(12)+DF*DF#F(12)%F(12)%
3THC12)%TH(12)))
DO 231 I=14,36
D2€(13=D2(1-1)+(STC(I-1)+ST(I))I*DUX
IF (I.EQ.164.AND.KM.EQ.1)D2(14)=D2¢14)+2. . %F(12)%TH(12)%DX
231 DD2(I)= SQRT(DD2(I-1)%DD2(I~-1)+DDX#DCX*(ST(II*STC(II+ST(I~1)}»
1ST(I-1))+ DWUX*DUX®#(DSTCII*DST(IDI+DST(I-1)*DSTLI-1)))
COMPUTE ENTHALPY THICKNESS REYNOLDS NUMBER FOR CENTER
OF PLATE BASED ON D2(I) FOR ENERGY ADDED TO THAT POINT
DO 240 [=1,36
REEN(I)=FACT*D2(I)
240 DREEN(I)=FACT=DD2(I)
RETURN
END

o0

SDATA
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Appendix IV

STANTON NUMBER DATA

__ Contained in this appendix is a numerical tabulation of the Stanton
number data. Initial velocity and temperature profiles precede the data,
and the sequence of data follows the discussions in Sections 3.3.1
through 3.3.4. For the Stanton number data at each blowing ratic the
experimental data at 6 =1 and O = 0 are given first, followed by a

sheet with the superposition-adjusted data to values at 8 = 0, 1 .

Nomenclature

CF/2 cf/2 s friction coefficient

cp ¢ , specific heat

DEL velocity or thermal boundary layer thickness (see DFLI9 cr
DELT99)

DEL1 61 » displacement thickness

DEL2 62 » momentum thickness

DEL99 velocity boundary layer thickness

DELT9S thermal boundary layer thickmess

DREEN uncertainty in ReA2

DST uncertainty in St

DTM uncertainty in 6

ETA {1 - st(6 = 1)}/5t(8 = 0)

¥ blowing fraction

F-COL F at 0=0

F-HOT F at 8 = 1

H velocity shape factor

LOGB ¢ function in O = 1 data correlation
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M blowing parameter

PORT topwall location where profile 1is obtained

PR Pr , Prandtl number

RE DEL2

REENTH ReA2 , enthalpy thickness Reynolds number

REH

REM Re52 » nmomentum thickness Reynolds number

REX Rex s X-Reynolds number, based on (X- XVO)

RHO density

ST Stanton number

STCR st(d = 0)/Sto . Note, St 1s defined at bottom of each
summary data sheet.,

STHR St(0 = l)/Sto

T recovery temperature of temperature probe

T2 T2 s secondary air temperature

TADB I, r , temperature to define Stanton number

TBAR (TO-T)/(TO—Tw) (cr one minus that quantity In the second teab-

ulated data column)

THETA 8 , temperature parameter

TINF mainstream thermocouple temperature

To T_ » plate temperature

TPLATE o

U velocity

U+ vt » non-dimensional velocity

UINF U, » mainstream velocity

VISC V , kinematic viscosity

XLoC x , distance from nozzle exit to probe tip
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XvVO

Y+

X
vo

, distance from nozzle exit to virtual origia, turbulent

boundary layer

y , distance normal to surface

+
y

, hon-dimensional y distance
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BUN 0&2777 VELCCITY AND TEMPERATURE PROFILES

REX » Q.1C626E Q7 REM = 2451. REH = 1759«
IV = 26.12 CH DFL2 = 0.229 (M DEN2 L) O0.162 CH
UIAE = 16.98 M/S DEL99= 1.994 CM DELTSS = 1.862 Cn
VISC = C.1%836F=C4 M2/S DEL) = Oad4é CH  UINF - 16,76 M/S
FCFY = 3 H - 1.507 visC = 0.15476E-04 M2/S
ALCC = 125.22 CM CF/2 = 0.17160E=02 TINF = 24.82 DEG C
TPLATE » 38.04 DEG C
YLCr) Y/DEL UIM/S) U/ULNF Ye us YICr) TI(DEG C) TBAR TBAR
G.C25 0.013 6.7 0411 11.3 9.91 0.0127 35.21 0e214 0.786
CeC20 C.CL5 7.00 D.412 13.5 9.95 0.0254 31.99 0.456 0.542
Ce€C33 C.C1? 7.C6 G.416 l14.7 10.04 0©.0381 30.66 04558 0.442

C.C36 (C.Cle T.28 C.425 15.8 10.35 0.05C8 30.09 0.601 0.399
0.C38 0.C1S 1.60 0.448 16.9 10.81 0.0635 29.74 0.648 0372

0.C41 C.C2C T.89 0.465 18.1 11.22 0.0762 29.55 0a.642 0.358
C.C43 0.022 8.13 0.479 19.2 11.56 0.0889 29236 0.657 02343
CeC46 C.C23 8.32 0.490 20.3 11.83 0.i016 25.13 0O.074 C.326
0.048 0.024 8.51 0.501 21le4 1210 0a.1143 2£9.03 0.681 0.319
CeC51 C.025 8.67 0510 2246 12.32 0.1270 28.82 0.697 G0.303

C.C%3 C.C27 4.80 0.518 23.7 12.52 0.1397 28.TT 0.701 0.29%9
C.Cs6 C.C28 8.98 0.529 26.8 12.76 0.1524 28.6% 0.711 0.289
C.Cé1 G.C21 9.24 04544 27.1 13.13 0.lé51 28.56 GC.717 0.283
CeCt6 C.C23 9.35% 0.551 29.3 13.29 C.l1778 28.45 0.725 0.275
Ce (71 C.023¢ 9.53 0.561 31.6 13.54 0.1905 28.35 0.733 0.267

G.081 0.041 9.76 0.575 36.1 13.87 0.2032 28.26 0.739 0.261
QoS4 C.C67 10.05 0.592 41.7 14.28 0.2159 28422 0.743 0.257
6.107 ©0.053 10.25 0.604 aT.4 14.57 0.2286 28.14 0.749 0.251
Cell9 C.C6C 10.43 0.614 53.0 14.83 Q.2413 28.09 0.753 0.247
0. 145 0.073 10.75 0.633 643 15.28 0.2540 28.02 0757 0.243

Ca.183 (.CS2 11.08 0.652 81.2 15.75 G.2667 27.93 0.765 0.235
€Ce22F C.111 11.38 0.67C S8e2 16.18 0.2794 2T.90 0.767 0Q.233

Ce259 C.120 11.¢6 0.687 115.1 16.58 0.2921 2T.82 0.773 0.227
CeZST C.l149 11.84 0.697 132.0 16.83 0.3048 27T.77 0.777 0.223
Ce235 C.1é8 12.09 0.712 148.9 17.19 0.3302 2T7.66 0.785 0.215

€a269 C.2CC 12.44 0.733 177.1 17.69 0.3556 27.58 0.791 0.209
Ced50 0.225 12.066 0.745 199.7 17.99 0.3937 27.42 0.803 0.197
Cs212 C.2%7 12.52 0.761 227.9 18.37 0.4318 2729 0.813 0.1387
0277 0.28S 13.22 0779 2%6.1 13.80 04695 27«15 0.B21 0.179
Ce 93 C€.327 13.54 0.798 290.0 19.25 045207 26.99 0.835 0.165

Ce78Q C.351 14.05 0.827 346.4 19.97 0.5969 26.81 0.850 0.150
CeS0T7 0455 14.47 0.852 4C2.8 20.58 0.66C% 26.64 0.862 0.138
1.€34 C.518 14.28 0.B77T 455.2 2i.16 0.7239 26.98 0.874 0.126
le1€l C.582 15.25 0.898 S15%.6 21.67 0.7874 26.33 0.885 Qe.l15
14288 0.646 15.59 C.918 572.0 22.16 0.8%09 26.21 0.895 0a.105

1415 0.7C9 15.92 0.937 628.4 22.63 0.9779 25-97 0.913 0.087
1242 G.773 16.23 0.956 6b84.8 23.07 1.1049 25.75 0.930 0.070
1e669 0,237 16.566 0.970 741.2 23.41 1.3589 25.39 0.957 C.043
1756 CaSC1l 16.06 0.981 1797.7 23.69 1.6129 2%.12 0.977 0.023
le$23 (.5¢4 16.81 0.990 854.1 23.90 1.8669 2495 0.990 0.010

2.C50 1.C28 16.92 0.9986 910.5 26.05 2.1209 24.85 0.998 0.002
2177 1.C52 16.59 1.001 966.9 24,15 2.3749 24.82 1,900 =-0,000
242C4 1.155 17.02 1.002 1023.) 24.20
1,431 1.21S 16.98 1.000 1079.7 24.14
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001

RUN 062777

TACR= 24.26 CEGC C

FHC=
(Ps

1.178 KG/M3
1C13. J/KGK

UINF=
VISC= 0.1546GE=-04 M2/S

PR=

8082500 FLAT PLATE

PLATE

- e Pt v e
(LI TR VI e IV N BEN I L I SR VR N

—
~

11

2 REX
127.8 0.11036E
122.8 0.11588E
127.9 0.12136E
143.C C.12661¢
14,1 C.13243E
163.2 0.13764E
18,2 O0.14346E
162.3 0.14EG4E
168,46 CalbesvE
173.5 0.16GCIE
17€6.6 C.lotb3F
1€3.6 0.171C4E
187.5 0.17%524F
16C.1 C.174CHE
192.7 C©,18C652E
1€S.4 C.16377E
15€.C O.1lB8ee3E
2CC.6 C.lBS4TE
¢C2.2 0.165231E
205.8 0.19515E
2C€.5 C.197S%F
211.1 0.20CERE
21241 C.2C306RE
c1¢.3 C.2GE53E
21E.5 « 209 2GE
221.& (C.21223F
224.2 0.215CIE
226.8 C,21161€
2e%.4 0.22C75¢
222.C C.20359E
224,66 (.22€43%
227.3 0.22624E
226.9 0.23214¢
242.5 C.234658E
24€.1 C.231782F
247.8 0.24C61E

HSL P/D=Seax

Y0

07 38.08
07 38.C6
07 38.04
07 38.C4
07 38.04
07 3e.C2
c1 38.02
07 3e.CO
01 37.9¢
07 37.94
07 37.62
07 37.9¢4
07 37.47
o7 37.127
01 317.39
07 37.64%
07 27.¢t6
07 37.66
07 37.68
01 37.11
07 37.66
01 37.68
07 37.51
€7 37.64%
07 37.62
07 37.29
07 317.66
07 37.85
C?7 3171.62
C1 37%.92

T 37.89
c? 37.171
67 37.70
071 37.41
Gr  37.64
D1 37.66

16.80 M/S

0.716

REENTH
0.17819€
0.19084E
0.20386F
0.21695E
0.22991E
0.24254E
0.256495E
0.26725¢
0.21936€
0.29130F
0.30310E
0.31403€
0.32349E
0.32857€
0.33447E
0.33G5J€
0.34513E
0.35051€
0433572
0.36092€
0.36616E
0.37135E
0.37466E
0.32150E
0.34706E
0.39213€
0.39722E
0.40258E
0.4073 3¢
0.41294E
0.41d13E
0.42330€
0.42142€
0.43352E
0.43867E
0.44354€

epe DISCRETYE HOLE RIG *#%8 NAS=3+14334

STANTON NUMBER DATA

TINFe 24,74 DEG €

XYQa 2601 CM
STANTONNO DsST
0.22412E-02 0.563E=04
0.23452E=-02 0.570E=04
0.23747€~C2 0.573E~04
0.23728E-C2 C.573€E-04%
0.23223€~C2 0.570E=04
0.22561E-02 0.567E-04
04224326=C2 C.560E-04
0.22173E~C2 0.565E~04
0.2171328-02 C.504E=-04
0.21541E-C2 0.564E-04
0.21246E-C2 0.563E-04
0.21281E~C2 C.562E~04
0.19034€~-02 C.68UE~Q4%
C.ldd68E-02 0.694E~04
0.196827E-C2 0.T11lE~C4
0.18351E~02 0.676E~04
0.18773E~C2 (Q.6b3E~04
0.187128=-02 C.tBlE-04
0.1741»E~02 0.650£-04
0.19¢£35E-C2 C.675E~04
0.18211E~02 0.66CE-04
0.18258FE~C2 0.674E-Q0%
0.19079E=-02 0.687E~04%
0.17766GE-02 C.661E-04
0.18527€-C2 C.690E~04
0.17116€~02 0.613E-04
O.l8664yE~02 0.691C~04
0.190279€6~02 0.7C4E-04
0.17dG4E~C2 (0.639E-04
0.18351E-02 C.6T4E~-04
0.18416E~C2 C.676E~04
0.17966E~02 0.654E~04
C.183508E-C2 O0.£67E-04
0.170276~C2 C.638E-04
0.18383E-02 -0.686E~04
0.15504E~02 O0.63bE~04

OREEN
6o
be
6.
T.
Te
7.
Be
8.
8-
g.
9'
9.
9.

10,
10.
10.
10.
1C.
10.
10'
10.
10.
10,
11.
ll.
1l.
11.
11.
Il.
11.
11,
1i.
11.
11,
12.
12.

STUTHEQ)
0.20858E~-02
0.20655E=-02
0+20464E=02
0.,20283€~02
0.20111€E-02
0.19G47E-02
0.19792¢8-02
0, 19643E~-02
0.1950C0€E-02
0.19364E-02
0.19233E~-02
0.1910BE-02
0.15015€E-02
0.18954E-02
0.10889%4E-02
0.18835E~02
0.1b8777E~02
0.18721E~C2
0.18665E~02
0.18610E-02
0.18557€E~02
0.18504€-02
0.18452E-02
0.16401E~02
0.18350E-02
0.18301E~02
0.18252€E~02
0.18204€-02
0.18157E-02
0.18111€~02
0.18065E=02
0.18020€~02
0.1797%E-02
0.17932L~-02
0.17439€-02
0.17846E~02

RATIO
1.075
1.135
1.160
1.170
1.155
1.131
1.133
1.129
l.ll4
l.112
1.105
1.114
1.033
0.995
1.049
0.974
1.000
1.000
0.960
1.001
0.9¢€1
0.987
1.034
0.966
1.010
0.935
1.023
1.045
0.986
0.9917
1.020
0.997
1.002
0.994%
1.028
0.891



10T

PUN OT71277=1 #es CISCRETE HOLE RIG #%® NAS=3=1433%
TINFa 24,18 '0EG C

TaCe= 24.31
FH(s 1.142
CPs= 1Cl4.

0 025CC PSL

PLATE b
1 127.8
¢ 122.8
2 127.9
4 143.0
£ 14f.1
€ 153.2
T 1ig.2
€ 1el.
5 lébd.4

1C 122.5
11 178.6
1 162.¢
12 187.5
14 16C.1
12 142.7
16 1¢65.4
17 1s8.0
18 2CC.0
1s  2C3.2
20 2Ct.8
¢V 2CE.5
2¢ 211.1
21 213.7
24 21¢.3
25 218.9
2¢  221.6
21 224.2
28 22¢t.8
25 22G.4
ac 232.0
31 234.6
3z 221.3
32 z235.9
34 242.5%5
35 245.1
3¢ 241.8

DEG C UIN
KG/M3
J/KGK PR

MzQ.4 P/Dx5

REX
0.112098 07
0.11754€ 07
0.12256E 07
0.12844€ 07
C.13365E 07
0.13934E 07
0.14479E C7
J.15C24E Q7
0.15569€ 07
C.16114E 07
0.166L90E 01
C.172C4E 07
C.l17¢1RE 07
C.1236%€ Q71
C.lh179E OF
C.l8441E 07
C.18742€ C7
C.15C24F 07
C.193C4F 07
C.15585¢ OF7
C.19b6¢6E 07
0.c0140F Q7
0.20427E 07
C.207C%E 07
0.209G1F 07
C.c12728 07
0.21552E C?
C.21833F 07
C.22114€ 07
0.223948 07
C.22615¢ Q7
D.22951E 07
C.23239¢ 07
0.23520€ 07
0.23400E 07
C.24C8lE 07

f=

TH=0 W/VCF(OPTIMUM)aA%

T0
37.07
37.05
37.12
37.14
37.24
37.28
37.24
37.20
37.22
37.26
37.28
37.28
36.50
344
36452
36.176
36.80
36.84
36.88
36,36
3¢. 86
36.86
36.178
36.84
36.86
3¢.65
3¢.50
37.C1
3€.82
37.C5
37.C1
36.88
36.84
36457
2€.16
36.76

ULNCERTAIATY IN REX=12997.

17.09 M/S

0.717

PEENTH
0.17602¢
0.18938E
0.22173E
0.25326E
0.28465E
0.3152¢0F
0.364455E
0.37354¢E
0.40150¢
0.42903E
0.45601E
0.43380¢
0.52170E
0.512717E
0.51771F
0.5225CE
0.52711E
0.53169€E
0.53616¢E
0.54065¢€
D.54514E
0.54750F
C.55%10E
D45946CE
0.563C8F
C.56752E
0.57200E
0.57671E
0.5d1 34¢€
C.585a7E
C.5G3C4bE
0.59>34E
0.59961E
0.60418E
0.60882E
0.61326F

VISC» 0.15928E-04 M2/S

04
04
04
04
04

STANTON NUMHBER DATA

XY0= 23,3 CM
STANTON NO osv
0.25446E-02 0.607E<04
0.23605E=02 0.556E=~04
0.25412E~02 0.606E=04
0.251206=C2 C.601E=04
0.24162E-02 0.591E=04
0.23823€-02 0.584E-04
0.22338E~02 (Q.S81E-0Q4
0.22047E=~02 C.580F-04
0.21183E-C2 C.575E=04
0.20452E-02 0.565E-C4
Ce20265E6~02 0.567E-C4
0.20376E~02 0.568£~04
0.1B8672E~C2 0.647T€E-04
0.)17449E~C2 0.656E-D4
0.17724E~C2 0.C52E=04%
Dalb3blE~02 C.618BE=04%
0.16395€E=02 0.613F=C4
0.162C5¢-02 O0.46(8E~04
0.1562BE-02 (C.5056-04
0.16365E-02 0.605E-04
0.15554E=02 0.583E=C4
0.15962E-02 0.6C4E~04
0.,1¢343€-C2 C.611C--04
0.15346E=02 0.597(-0%
0.16227F~C2 0.613E-0%
0.15444E=02 0.576E-04
0.16424E~02 0.621E~04
0.17066E-02 C.643E-04
0.15912E=-02 D.565E-04
0.163C4E~C2 C.622E-04
0.16544E-02 0.622E-04
0.10C8LE~-C2 0.6CLE~D4%
0.16284E~02 0.617E-C4
0.16228E-02 0.595E-04
0.16303E=02 C.5642E-04
0.14328E«02 0.654E=04

UNCERTAINTY I[N F20.05036 IN RATIO

CREEN
11,
15.
20.
24.
28.
30,
31,
36,
3.
40.
42.
44,
45,
45,
45,
45,
45.

[
s e

45.
45,
45,
45.
45.
45,
454
45.
45,
45,
45,
45,
45.
45.
45.
45.
45
45,

M F

0.40 0.0130
0.40 0.0131
Q.41 0.0132
0.39 0.0127
0.40 0.0129
0.39 0.0127
0.39 0.0128
0.40 0.0129
0.40 0.C129
0.39 0.0126

T2 THEYA

27.562 10,268
27.41 0.249
2Te41 0,249
27.47 0.252
27.29 0,237
27.32 0.241
27.21 0.231)
27.22 0.233
27.)14 0.226
27.26 0.237
2T7.18 0.229

DYH

0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.023



701

RUA 0T7:277=2 #s& DISCRETE HOLE R1G ®** NAS=3=14336

12CB= 25.17
Rula 1,127
CPa 1012.

#9225CC FSL

FLATE X
1 127.8
2 132.8
2 127.8
4 143.0
£ 148.1
€ 152.2
T 158.2
€ 1¢2.3
S led.4

1C 172.5
1) 176.6
1e 1€2.¢
13 1E7.5
14 16C.1
1€ 1%2.7
1¢ 16¢%.4
17 1s5e.C
16 2C{C.¢
1€ 2C2.2
20 2C5.8
21 2ce.5
é¢ 211.1
23 213.7
24 21¢6.3
£ 21t.9

2¢ 221.6

21 22442

28 226.8

2¢  226.4

3c 2132.¢0
31 224.¢

32 221.3

33 239.9

34 242.5
& 245.1

3¢ 2417.8

DEG €
XG/M3
J/KGK

M2Ce4 P/D=5 THu]l W/VCF(OPTIMUM)®®A

REX
Collls?€
0.11689E
C.12231€
0.12773E
0.13315E
0.13€57€
0. 14369E
0.14641€
0.15483E
C.16C24€
C.lohécE
C.171CHE
C.17520¢
C.l177499E
C.18C7eE
0.1E356E
C.1B8€39E
C.18518¢
0.19147€E
0.1241717€
0.19175¢F
C.20C35F
0.20214E
C.20554F
0.20¢E15¢
C.21154E
C.21433E
0.2171¢¢
0.21¢61¢
0.22217CE
C.22545¢
0.22¢3CE
0,23110E
C.23389E
0.23¢EHE
0.23%417E

UINF=
VISC= 04160546=04 M2/S

PR=

07
07
o7

10
41.84
41.84
41.87
41.85
41.63
‘|.78
41,65
41.93
42.C3
41.99
42.08
42.217
40447
4C. 15
4C. 15
40.1‘
40.03
39.94
36.590
35. 86
39.82
39.15
39,65
35.¢64%
36.62
39.41
39.62
36.£5
35.48
39.¢€2
39.640
3G.43
3G.43
39.18
39.31
39.31

LACFRTAINTY IN PEX=12925.

17.13 M/S

0.715

REENTH
0.17504E
0.18746E
0.25939E
0.33250¢F
0.40432E
D.47420E
0.54508E
0.61373F
0.68113E
0.74738E
0.81526E
0.88126E
0.94430E
0.945495¢E
0.94762E
0.94937€
0.951 1 bE
0.95312E
0.95508¢E
0.95713€
C.9¥5925E
0.96143E
0.96375€
0.G6611E
0.96353€
0.57101E
0.971358€
C.97638E
0.97919F
0.93196E
0.98482F
0.93770E
C.99061€
0.99355¢
0.99657¢E
0.999417E

04
04

STANTGN NUMBER DATA

TINFe 25,04 DEG C

XY0s 23.3 CM
STANTCN NO 113§
0.25003E=02 0.4T4E~04
0.20831€=C2 C.452E=04
0.18570E~02 0.441E~04
0.15277€-C2 0.430E=04
0.13521€=-02 C.420E-04
0.13380E~02 0.423E-04
0.10%54E~C2 C.412E-04
0.96397F~-03 0.409f~04
0.93557€~C3  0.406C~-04
0.845155-03 0.405E~04
0.81¢66CE~C3 C.4C2E~04
0.7C323e~03 C.395€E-04
Ce59356E~03 (.245E-04
0.585%6E-C3 C.305E-04
C.614706-03 C.3C3E-04
0.63261E-C3 0.307E-04
0.66803E~03 C.317E-C4
0.71484E-C3 0.329E-04
0.69267€-C3 0.317E-04
0.773736~C3 C.336E-04
0.74422E~-03 C.334E~04
0.81202€6-03 0.359E~04
0.85356E-03 C.370E~-04
0.834092-03 (C.370E-~04
C.89892E~03 C.389E-04
0.87617E-03 C.370F-04
0.96315E-03 0.407E-04
0.1C435E~-C2 0.428E~04
0.656481E~03 0,392E~04
0.10147E~C2 0.423E~-04
0.10325E~02 C.425E=~C4
0.10350E~02 0.423E-04
0,104448E6~C2 C.430E-04
0.10568E-02 0.416E~04
0.11100E-02 Q.457E-04
0.9649546-03 0.468E~04

UNCERTAINYY IN F=0.35035 IN RATIO

DREEN
11.
20.
31.
40.
4é.
52.
584
63,
67.
1.
154
79.
80,
80.
80.
80
80.
8C.
80.
8C.
80.
80.
80.
80.
80.
80.
80
80.
8c.
80.
80.
80C.
80.
80,
80.
80.

0.37
0.38
0.37
0.37
0.37
0.37
0.37
0.37
0.38
0.38
0.37

£

0.0120
0.0122
0.0121
0.0119
0.0121
0.0121
0.0118
0.0119
0.0122
0.0123
0.0121

T2

40.83
41.32
41.40
41.37
4l.42
41.28
41,42
4l1.26
41.24
40.93
40.89

THETA

0.940
0.967
00913
0.967
0,978
0.960
0.970
0.95%
0.956
0.932
0.920

OTH

0.018
0.018
0.018
0.018
0.018
0.018
0.018
0.018
0.018
0.018
0.018




€01

PUN O71277=] ooa CISCRETE HOLE RIGC oo¢ NAS~3I=14338 STANTON NUMBER DATA
904250C RSL Me0,4 P/D=S THeQ W/VCFIOPTIMUM)Owe
RUN O71277=2 #*% OISCRETE HOLE RIG *¢% NAS-I=14336 STANTON NUMBER CATA
#80250C +SL Va0.4 P/D=5 THu) w/VCFLOPTIMUM)ene

LINEAR SLPERPNSITION 1S APPLIED TO STANTON NUMBER DATA FROM
FLA AUNMREQS QT1277=1 AND OT1277-2 TGO ORTAIN STANTCN NUMBER DATA AT Tiw0 ANO THsf

PLATE AL xCCL RE CEL2 ST{THsQ} REXHOT RE DEL2 ST{THs}) ETA STCR F-COL STHR F~HOT LoGe
1 112¢s3e.0 1760.2 0.00254% 1114723,0 1750.4 0.002500 UUUUYU 1.000 ©0.0000 1.000 0.0000 1,000
2 1175422.0 1856.8 0.09247) 1163915.0 1873.9 0.002058 0.167 1.05¢ 0.0130 0.878 0.0120 2.667
3 1229926.0 2040,3 0,0C2756 3223107,0 2630.5 0.C0181% 0.352 1.177 0.0131 0,753 0.0122 2,508
4 128442C.0 2193.7 0.002835 12712598.0 3381.0 0.0C1539 0.457 1.195 0.0132 0.649 0.0121 2339
$ 1338614.0 2346.9 0.002747 1331490.0 4114.6 0.€01308 0.531 1.200 o.0127 0.563 0.0119 20221
6 13534CE.0 2497.% 0.C02734 13954682.0 4832.7 0.C01299 0.525 1.212 0.0129 0.576 0.0121 2.300
T 14417502.0 2642.5 0.002605 1439874.0 5553.2 0.001052 0.596 1l.l61 0.0129 0.469 0.0121 2.137
8 15(2355.¢C 2784.9 0.C026C9 1494065,0 6262.9 0.C0C9G5 0.653 1.177 0.0127 0. 408 0.0118 " 2.019
9 15fe€es.C 292440 0.002496 1548257.0 6552.9 0.N00875 0.650 1.149 0.0128 0.403 0.0119 2.039

1IC lell3el.Q 305841 04002425 1602449,0 T640.6 0.000772 0.682 1.126 0.0129 0.358 0.0122 2.010
11 Je€s5ET1.C 3190.1 0.C02420 1656641.0 8343.9 0.000722 0.702 1[.139 0.0129 0.340 0.0123 1.996
12 17¢01271.0 3323.8 0.G02487 1710832.0 §042.6 0,00056) 0.774 1l.168 0.0126 0.264 0.0121 14824
13 17¢€11¢8¢.C 3623.8 0.002296 1752018.0 9719.7 0.COC458 0.801 1.1069 0.233
14 12E5E5).C 348641 0.002135 1779927.0 97132.6 0.000462 0.784 1.132 0.245
15 1E17¢15.0 3546.4 C.CC2162 1807836.0 9745.9 0.00C491 C.773 1.090 0.248
16 1e846115.0 3604.5 0.001974 1835879.0 9760.1 0.C005¢5 0.734 1.076 0.286
17 127421¢.0 3699.9 0.001366 1863524.0 9175.3 0.C0C564 0,713 1.047 D.301
18 15C22EC.0Q 3714.6 0.001925 1891832.0 9791.8 Q.000618 0.679 1.029 0.330
19 1920444.0 3767.7 0.001856 1919741.0 96C8.8 0.000600 0.677 1.036 0.335
20 15£85CS.0 3420.8 0.CC1927 1947650.0 98261 0.C00682 0.646 1.034 0.366
2l 15¢66£74.0 3873.6 0.021828 1975559.0 9845.5 0.C0C658 0,640 1.004 0.361
22 2C14638.0 3925.4 0.001860 2003463.0 9364.8 0.00C7280 0.6C8 1.019 0.399
¢ 20427Ce.C 3978.2 0.001897 203137¢.0 9885.8 C.0UGOTI0 0.594 C.99% 0.404
24 2077502.0 403C.3 0.CCLIBLO0 2N59420.0 9507.1 0.000756 0.%582 1.019 0.426
25 2CssiC2,0 4081.G6 C.C01B6E 2Q87465.0 9929.1 0.000822 0,56C 1.007 0.443
8 2127167.0 4133.0 C.CO0l769 2115373.0 9951.8 0.G50305 0.545 1.034 0.470
21 2158:32.0 4184.1 0.C01ATL 2143282.0 9315.5 0.c0C851 C.524 1.002 0.477
8 21E3c9¢.0 4237.5 0.021532 2171191.0 10001.6 04000973 0.496 1.01% 0.511
29 22113%1.0 4290.0 0.CC01802 2197100,0 10027.7 (0.€CCB98 0.502 1.007 0.502
20 223¢425.C 4361.1 0.001838 2227C09.0 10053,5 0.000949 U,48¢ 1.018 0.526
Il 22¢7485.0 4393.1 0.001864 2254917.0 10640.3 0.000966 0.4082 1.012 0.524
32 225¢¢5C.0 4444,6 0,001401 2282961.0 10107.4 0.00997¢ 0.459 1.002 0.542
33 212789C.0 46495.5 0.001825 2311CD5.0 10134.7 0.000982 0.462 1.013 0.546
34 2281655.C 4546.6 0.C01813 23338914.0 10162.3 0.000996 0,451 1.017 0.559
2 238C(15.0 4598.4 0.0018712 23663213.0 1€190.9 0.001049 0.440 1.018 0.571
3¢ 24(8(83.0 4648.0 0.00165T 2394732.0 1021843 0.C00909 0.451 1.042 0.572

STANTON AUMBFR RATIO BASED ON EXPERIMENTAL FLAT PLATE VALUE AT SAME X LOCATVIUN

STAATCAN MUFBFR RATIO FOR TH=i 1S CONVERTED TO COMPARAHLE TRANSPIRATION VALUE
LSIAG ALCGHl ¢ 8)/8 EXPRESSICN IN THE BLOWN SECTICN



701

PUN CT72177=] #*» DISCRETE HCLE RIG ##% NAS=3=1433%

18C8= 26.7S
RHCs 1,173
Cp= 1012,

$2¢25CC MSL

PLETE X
1 127.8
Z 132.8
2 127.9
4 143.0
HEES K-S |
¢ 153.2
7 15g.2
8 163.2
S L68.4

1¢ 1712.5
11 178.6
12 1e2.¢
12 187.5
14 1sC.1
1£ 162.7
14 155.4
17 1s%8.C
18 2CC.¢
16 2€3.2
2C 2(5.¢8
21 2CE€.5
2¢ 2l1l.1
23 213.7
24 21¢t.)
25 218.9
2¢ 221.6
21 224.2
28 22¢.8
25 229.4
ac 232.0
21 2134.6
3¢ 231.3

2 239.9
Ja 242.5
35 245.1
2¢ 241.8

DEG €
KG/M3
J/KGK

M=C.90 P/D=S TH=C k/VCF(CPTIMUM)*s%

REX
0.11355€
0.119C7E
C.12456¢
0.13C11€
C.132¢3€
0.14115¢E
O.14C06TE
0.1521¢E
0.15171€E
C.16323F
0.16875E
C.17427E
C.17E4¢E
0.18131E
C.14415€
C.167C1E
C.lb658¢E
0.1627CE
0.16555F
C.1983¢E
C.201z3E
0.204C8E
0.2C662F
C.2C%TdE
0.212¢€3E
0.21547E
0.214832F
0.22116E
C.224C0OE
0. c2¢85E
0.225¢6GE
0.232E%E
0.23540E
0.23824E
0.2410GE
0.24363¢

UINF=
VISC= 0,15633€=04 M2/S

PR=

07
07

10
37.68
37.°%8
37.56
37.5¢
37.56
37.49
37.52
37.56
37.5¢
37.062
37.54
38.17
37.14
37.CS
37.09
37.52
37.64
37.64
a7.66
3T.75
37.713
37.19
37.127
37.85
37.92
37.13
38.C2
38.10
3r.89
3e.19
38.17
38.CC
38.C2
37.68
37.50
37.90

UNCERTAIATY IN REX=13138.

16.99 M/S

0.715

REENTH
0.17830€E
0.18996%
0.21821E
0.24976E
0.28105€
0.31322E
0.34360C
0.37451E
0.40380F
0.43405E
0.46256E
0.49319E
0.51306E
0.525606E
C.53310E
0.5%041F€
0.547114F
0.55395E
0.56052E
0.56696€
0.57340E
0.57974E
0.58607E
0.5922¢E
0.59836E
0.60439E
0.,61040E
0.61654E
0.62255¢
0.6284%2E
0.63439F
0.64031€
0.64615E
0.65202E
0.6579%¢
0.66359F

UNCERTAINTY IN F=0.05034

04
Cé4
04
04
0%
04
04
04
04
04
04
04

STANTON NUMBER DATA

TINFa 26.66 DEG O

XYQ= 23.3 CM
STANTCN NO DSY
0.21116E=-02 0.6466E=04
0.21150E-~02 0.672E~=04
0.25454E-02 0.T01E~04
0.27434F=C2 Ce TL6E=D4
0.26316E~02 O0,7CEE=04
Ce25473E-02 C.7006E~04
0e24343E-02 0.656E=04
0.24533E-02 0.695E~04
0.2440LE~C2 C.693E-04
0.23712E~02 0D.660E-04
0.24097€-C2 QC.E95E-04
0.21420E-02 0.640E-04
0.27647€~-C2 C.S553E~04
0.25586E~C2 C.943E-04
C.27CB83E=C2 C.966E-04
0.,23657E~C2 C.HU3E~0D4
0.23706E-02 0.87iE-04
0.23744E-C2 0.86LE~04
0.22408E~-02 O0.816E-04
C.225C5E-C2 0.835E-04
0.22327€~-02 0.813E~04
0.22229€-02 C.B820E-04
0.22218€~-C2 CQ.Bl15E-04%
0.21293E~02 0.790E~04
0.215606~02 0.B04E-04
0.20822E~02 0.759E-04
0.21391€-02 0.796E-04
0.21755F~02 0.808E~04
0.20451E-02 0.740E-04
0.20646E=C2 0.783E-04
0.21070F~02 0.782E-04
0.20530e~C2 C.758E~04
0.20523E«02 C.771E-C4
0.20684E~02 O0.T47E-04
0.2103066~-02 C.794E-04
0.18601E-02 0.793E~04

IN RATIO

OREEN
8.
25.
424
53.
¢3.
T1.
18,
85l
91.
S6.
102,
107.
10Se.
109.
1CS.
109.
109.
105.
109,
106,
109.
106,
109.
1C9.
109.
109.
109,
109,
1CS.
109.
1CS.
109,
1CS.
1C9.
109.
1CS,

0,92
0.94
0.91
°I9l
0.90
0.91
0.91
0.91
0.90
0.92
0.90

3

0.0298
0.0303
0.0296
0.0295
0.C292
0.0296
0.0294
0.0294
0.0262
0.0299
0.,0293

12

27.68
27.77
27.76
27.86
27.718
27.82
27.72
27.80
271.170
27.85
27.73

THETA

0.093
0.101
0.101
0.1l10
0.103
0.107
0.097
0.104
0.095
0.109
0.093

OTH

0.028
0.028
0.028
0.028
0.028
0.028
0.028
0,028
0.028
0.028
0.027



S0t

PUN 072177=2 **% DISCRETE HOLE RIG #%¢ NAS=3-14336
TINFa 28,75 DEG C

TACO= 28.89
RECs  1.1¢4
CPe 1013,

$6025CC #SL

FLATE 3
1 1217.8
2 132.8
2 127,58
5 148.1
¢ £2.2
7T 158.2
€ 1¢3.3
S 168.4

1C 173.5
11 178.¢
12 1483.6
12 1¢€1.5
14 1sC.1

€ 152,17
1¢ 16%.4
17 16E.C
1€ 2CC.o
1¢ 2C3.2
2C 2C5.8

21 2C8.5

2z 211.1

23 213.7

24 21¢&.3

25 218.9

2¢ 221.6

21 224.2

28 226.8

26 22¢.4
3¢ 2:22.¢C
31 234.6

3z 227.3

33 239%.9

34 242.5

3¢ 245.1

3¢ 247.8

DEG €
KG/M3
J/KGK

M20.,90 P/D=5 THal W/VCF(OPTINUM)#»s

PEX
C.11262€
0.11509E
0.1235¢E
0.12904€
0.13451E
0.136¢4E
Nel4a54¢LE
Ce15CG4E
C.15041F
C.l6189E
0.1&61736F
0. 17284F
C.177C0E
C.l17982F
0. 182€4E
C. U547
C.18630E
C.19112E
0.19364E
0.1967LE
C.1999a¢F
C.20c40E
0.:0522¢
C.20tC5E
C.21CE9E
0.21371F
C.21¢53E
0.21924€
C.2221¢F
0.22458€E
0.22780F
C.23C¢4E
C.23347E
0.23629E
0.23911F
0.241S3€E

UINF=

17.05 M/S

VISC= 0.15823E-04 M2/S

PA=

07
07
o7
07
07
07
07
07
07
07
07
o7
07
07

T0
42.46
42.4C
‘2.3‘
©2.217
42.35
42.21
42.4C
42.33
42,44
42.46
42.54
42.61
40.89
4C.t4
40.64
40.74
‘O. 74
4C.T2
4C.<8
4C.60
40.55
40.¢3
4C045
4C.43
4C.45
4GC.30
40.41
4C.46
4C.32
4C.49
4C.45
40.34
4C.32
40,07
40,20
4C.20

UNCERTALINTY IN FEX=13030.

0.715

PEENTH
017683E
0.18912€
0.33508¢
0.49851E
0.65085E
0.80454F
C.95877€
0.11106F
0.125917¢E
0.14091E
0.15566E
0.17084E
0.18524E
0.18553¢
0.18581E
0.18609E
0.18637E
0.18666E
0.186G6E
0.187217E
C.18758¢E
0.18790¢
0.18824E
0.18358E
0.18892E
0.18927E
0.18963F
0.1900LE
C.19040E
0.19077¢
0.19116E
0.1G156E
0.19195E
0.19235¢
0.1927uE
C.l9315¢F

04
04
04
04
Cé
0¢
04
05

STANTON NUMBER DAYA

XYO»  23.3 CM
STANTON NO (1134
0.23581E=02 0.554E-04
0.213C1E=C2 0.543E=04
0.22281E~02 0.552E=04
0.21885E=02 C.552E=~04
0.19109E=02 0.535E=-04
0.17847E=02 0.531€-04
0.14334E=C2 C.511E~04
0.137046-02 0.511E-04
0.13311E~02 0.506E~04
0.12790E=02 0.5G3E~04
0.12C87E=02 0.498E-04
0.11463E=C2 C.493E=04%
C.10433E~02 0.381E=04%
C.56237€=03 C.439E~04
0.10198E=02 0.442E~04
0.57557E=C3 C.434E=04
0.10282E=C2 C.440E=-04
0.1C476E=~C2 0.456E-04
0.10561E~02 0.443E-04
0.113136=02 C.4b9E=04
0.10963E~C2 C.461E-04
0.115576-02 0.489E=04
0.12C33E=C2 0.503E~04
0.11995E-02 0.505E=04
C.12531E-C2 C.523E-04
0.12253F~02 0.503E=04
0.13273E=02 0.542E~04
0.13911E=02 C.564E=04
0.12974E=G2 0.517E-04
0.136926~C2 C.561E-04
0.14087E=02 0.56LE=~04
0.13748E-02 0.556E-04
0.14079E=C2 C.569E-04
0.14134E=02 0.5526-04
0.14527F~02 C.6C2E~04
0.13216E-02 C.6C8E~04

UNCERTAINTY IN F=0.05034 IN RATIQ

DREEN
8.
39.
6G.
a9,
105.
120,
132,
144,
154,
164,
173.
182.
186,
186.
186,
18¢a
186,
186
186.
18€.
186,
186.
18¢.
186«
18¢,
186,
186.
18¢.
leb.
186,
18¢.
186.
186«
186,
18¢.
18(;.

N L

0.79 0.0256
0.84 0.0273
0.80 0.0260
0.81 0.0263
0.81 0.0263
0.82 0.0204
0.79 0.025%
0.81 0.0261
0.80 0.0259
0.83 0.0270
0.80 0.0259

T2

42.19
42,11
42.14
42.32
42.39
42.38
42.50
42.38
42.40
42.33
42.33

THETA

0.984
0.985
0.990
0.998
1-009
0.998
1.013
0.995
0.995
0.985
0.979

oTH

0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.022
0.022



901

PUN OT217T7=] o9¢ CISCRETE HOLE RIG o6 NAS-I=14338

0902500 HSL MeCo90 P/D=3 THsC W/VCF(OPTINUN)eos

FUN O072177=2 #oe CISCRETE HOLE RIG #¢¢ NAS=3-14336

09025CC FSL Ma(,90 P/D»S THel w/VCFOPTIMUN)®ee

STANTON NUMBER DATA

STANTON NUMBER CATA

LIMEAR SLPERPOSITIUN 1S APPLIED TO STANTON NUMBER DATYA #ROM
RUM NUFBERS 0T21T77=~1 AND 072177-2 TO ORTAIN STANTON NUMBER DATA AT T¢=Q AND THs]

PLATE REXCCL

1 1135471.0
2 11%0¢71.0
3 1245872.0
4 13C1C72.C
S 13562712.0
& 1411472.0
7 14606¢73.0
8 1521€74.0
9 1517C14.0
1€ 1¢232274.0
11 1£87425,0
12 174c¢e1%.0
33 17e4¢27.0
J&  1813(3¢.0
15 1£41484,0
16 181CC5C.0
17 1858¢€1¢€.0
18 1427(44.0
19 195%5372.0
20 15€3¢(C.0
21 ¢012225.0
22 2040157.0
€) 20¢s51éc.0
246 2037151.0
25 2126211.0

26 215414¢,0
2T 2183174.0
€3 2211¢02.0
29 2240(C131.0
30 22¢8455.0
31 2256887.9
22 232£453.0
33 2214C15.0
34 2382447.0
3% 241CE75.0
36 2439302.0

RE DEL2

1783.0
1859.6
2029.1
2117.8
2330.2
2478.0
262).2
27¢2.7
2904.6
3044,2
3183.3
3315.9
3420.6
3%02.

3582.4
3£6C,0
3732.3
3804, 2
3874.0
3942,3
4010.5
4077.5
4144,
4239.2
42713.2
«336.4
43499,2
4463,2
4525.80
4586.9
4648,9
4710.3
4770.9
48317
4893.2
4951.5

SY(TH=0)

0.Co02112
0.002113
0.CC2530
0.002407
c.CCc2716
0.002€38
0.002551
C.CC22576
0.002564
0.002493
0.0C2548
0.002256
0.002985
0.C02742
€.CC2903
0.00z547
0.002531
0.002527
0.002377
0.CC2423
0.C02363
0.002345
0.0023348
C.CC2236
0.002260
C.Cc218l
0.002233
0.0022¢66
C.C02131
G.CC267
0.602187
0.00¢2131
0.00212%
0.CC214%
0.002175
0.001922

REXHOT

1126150.0
1130897.0
1235645,0
1250392.0
1345139.0
1399886.0
1454634.0
1509381.0
1564128.0
1618875.0
1673623.0
1728370.0
1764978.0
17981713.0
1826368.0
1854699.,0
1833031.0
1911226.0
1939420.0
19¢70615.0
1995610.0
2€26005.0
2052200.0
2080531.0
2108863.0
2137058.0
2165253.0
21534417.,0
2221643.0
224%837.0
2278032.0
2306364,0
2334695.0
2362690.0
2391085.0
2419280.0

RE DEL2

1768.3

1891.2

341341

5029.2

656643

B8105.,9

56354
11157.,2
12629.8
14139.6
15615.4
17156.2
18620,2
10647.6
18674.6
18102.0
18729.5
19758.0
18167.6
18317.2
18448.0
18879.1
14911.9
18545.3
1897944
19013.9
19C49.4
19087.4
19124.9
19162.1
19200.9
t19239.8
19273.7
193138.1
19350.8
19397.9

ST{TH=1)

0.002358
0. 002130
0.C02223
0.c02181
0.C01912
0.001788
0. 001437
0.C01377
0.001336
0.C01273
0,001195
0.CCI126
0.001C08
0.000930
0.000985
0.C0C951
0.€01001
0.001021
0.001032
0.C01108
0.€01073
0.CC1134
0,001148
0.001181
0.601235
0.C01208
0.001311
0.001375
0.C01282
0.001355
0.001394
0.£013a1
0.001395
0.001400
0.001470
0.001311

ETA

suuuy
(133 ] )]
0.139
0.223
0.296
0.322
0.437
0.465
0.479
0.489
0.531
0.501
0.662
0.66!
0.661
C.627
0.605
0.596
0.566
0.543
0.546
0.517
0.492
0.472
0.454
0.446
0.413
0.393
0.398
C.3175
0.362
361
Ol 3‘“
0.347
0.324
0.318

STCR

1.000
0.9C1
1.087
1.183
1.169
1.169
1.137
1.162
1.180
1.157
1.199
1.0¢€0
1.520
1.453
l.4064
1,388
1.348
1.350
1.327
1.3C1
1.258
1.285
1.225
1.253
l.220
1.274
1.196
l.191
1.191
1.201
1.107
1.186
l.181
1.203
1.183
1.209

STANTCN AUPRER RATIO BASFD ON EXPERIMENTAL FLAT FLATE VALUE AT SAME X LOCATION

STANTCA NUMBER RATIO FOR Thas] [S CCRVERTED TO COMPARABLE TRANSPIRATION VALUE
LSING ALCCG(1 ¢ B)/B EXPRESSICN IN THE BLOWNN SECTION

F=COL

0.0000
0.0298
0.0103
0.0296
0.029%
0.0292
0. 0296
0.0294
0.0294
0.0292
0.0239
0.0293

STHR

1.000
0.908
0.938
0.919
0.823
0.792
0.541
0.621
0.615
0.591
0.563
0.529
0.513
0.453
0.497
0.518
0.533

<45
0.576
0.59%
0.569
0.621
0.622
0.665
0.666
0.706
0.702
0.72)
0.717
0.1750
0,797
0.758
0.774
0.785
€. 800
0.3824

F=HOY

0.0000
0.0256
0.0273
0.0260
0.0263
0.0263
0.0264
0.6255
0.0261
0.0259
0.0270
0.02%9

LoGe

1.000
46.256
4,447
4.285
4,204
4.235
3.9790
3.875
3.975
3.927
4.019
3.832



L01

RUN 082977=1 %%» DISCPETE HCLE RIG *%¢ NAS=~3=14336
TINF= 27,12 DEG C

Tages 27.2%
PfHCs 1,164
ps 1Clé.

09925C0 +SL

PL2TE X
1 127.8
i 132.8
3 137.9
& 143.0
5 14e.1
¢ 162.2
1 1tn.2
E 163.3
S 1ee.4

1C 172.5
11 176.¢
12 1€3.¢
12 1815
14 156C.1
15 152.7
1€ 155.4
17 198.0
1€ 2°C.6
15 2c3.2
2¢ 2c5.8
i1 zce.s
22 211.1
231 213.7
24 216.3
d5 Z1E.S
26 221.6
21 224.2
26 22¢.8
28 2¢5.4
3¢ 222.C
31 i24.8
2z 231.3

I 235.5
34 242.5
€ 245.1
3¢ 247.8

DEC C
KG/M3
J/KGK

Mx1,25 /D35 TH=Q W/VCFIOPTIMUM) #ds

FEX
0.10858E
C.114C1E
0. 11944F
O0.124b¢eE
C.13C25E
Cel3572¢
C.lallbE
C.14¢57€
C.152C0E
0.15742F
C.162006E
C.l16828€E
0.17241E
Collo2CE
C.1768COE
C.14Ca1E
0.1832¢2F
C.l1864IE
0.18921F
0.192C0E
C.1G4ECE
0.14759¢t
C.2CC39E
0.22320E
C.2CeC1E
0.20€ECE
C.2l163E
C.214]SE
C.21719F
0.21966E
0.222178E
C.22559¢
C.22835E
0.231419€
C.23355¢E
0.23678F

UINFs=
VISC» 0,15723F=04 M2/S

PR=

07
07
0?
07
(e24
07
or
c7
07
c7
o7

10
37.79
37.77
37.79
37.73
37.79
37.713
3r.19
37.179
37.17
37.¢0
37.15
37.71
35.2€
34,84
34.84
35. 10
35.1C
35.10
35.24
35.31
35.35
35,417
35.41
35.47
35.54
35.43
35.6€6
35.73
35.62
35.81
35.79
35.68
35.68
35.43
35.60
35.€60

LNCERTAINTY [N REX=12645.

16.80 M/S

0.717

REENTH
0.17531LE
0.13898E
0.21456F
0.24234E
0.27114€C
C.3C1 76t
0.33040F
0.39940E
0.381728¢E
0.416006E
0.4433¢0E
0.47433¢
0.4985GE
0.50682€
0.51487¢
0.5226L4E
C.53003E
0.5373¢6E
0.54437E
0.5511+«F
0.55783E
Ca%0427E
0.57061E
0.,57682¢E
0.58292€
0.58891E
0.99481l€
0.60074€
0.606506€
0.612131LF
0.61806¢E
0.62372¢
0.62928E
0.63482€
0.64040¢
0.6456T7E

04
04

STANTON NUMBER DATA

XYQs 2601 CHM
STANTCN NO BST
0.25046E=C2 (.722E~04
0.25302E«02 (l.T726E~04
0.26869E~02 CoT36E~04
0.29928E=02 QeT764E~04
0.30522E~C2 C(.765E-04
0.30361t-02 Ce707E-04
0.20d14E~-C2 (.751E~04
0.28699E=02 (.790E~04
0.29181E=C2 (.7556~C4
0.28069E-02 (,754E~04
0.28361€-C2 (.T750E-C4
0.28672C~02 (.755E~04
0.27937E~02 (L.939E-04
0.283G6E-C2 (.111F~-03
0.29144F-C2 (C,113E-03
0.26411E~-02 O0.105€E-013
C.263706E~02 0.]104E-0D2
0.26327TFE=-02 0.102E-03
0.24046E-02 C.949E-04
0.24332E-02 (.G553E~-C4
0.23463E=-02 0.921E~04
0,22t00E=C2 (C.910E-0%
0.22655E~02 C.S03E~04
0.21751€-C2 C.8B80E~04
0.21371€~C2 C.B86E-04
0.2C5916E~C2 0.837E=-04
0.21216E=-02 C.B860E-04
Ce21212E-C2 C.8B56E-04
0.2C486E~C2 (C.B13E-04
0.2C4%91E-02 (.839E~04
0.20563E~C2 (.833E-04
0.19902€~C2 C.Bl12E-D4
C.19814E~02 0.815E~04
0.19781E-C2 0.791E-04
0.201296-02 (.841E~04
0.17502E~02 (1.826E~04

UNCERTAINTY IN F=0.0503T7 IN RATIO

DREEN
Se
32,
544
7€,
83.
94.
104.
113,
122,
129.
137,
144,
147.
147.
147.
147,
147,
147,
147,
147.
147.
147.
147.
147,
147.
1474
147,
147,
147.
1417,
147.
147,
147.
147,
147,
147,

1.24
l.19
1.26
1,20
1.28
1.21
1.24
1.16
l.24
1.29
1.24

[

0.0401
0.0385
0.0407
0.0389
0.0415
0.0391
0.0400
0.0385
0.0402
0.0348
0.0400

T2

27.068
27,15
27.72
27.84
21.72
27.80
27.72
27.80
27.70
27.91
21.76

THETA

0.052
0.059
0.056
0.067
0.056
0.063
0.056
0.063
0.055
0.074
0.060

OTH

0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.629
0.02%



80T

RUA 082977=2 =o+ DISCOPETE HOLE RIG #4¢ NAS~3=14336

Tage= 31.01
Ah(= 1e144
(Ps= 1C15.

#292%500 hStL

PLATE >
1 127.8
2 122.8
3 127.9
4 143.C
€ l4g.1
¢ 1%3.2
1 1%8.2
¢ 163.3
S lel.4

1C 173.5
11 11€.6
12 183.¢
12 1€7.5
14 16C.1
15 1v2.7
1¢ 1¢%.4
17 15¢&.0
16 22C.6
1§ £02.2
2C 205.8
€1 2Ct.5
22 211.1
22 212.7
24 21¢.3
2% 21€.68
2¢ 221.6
21 2:z4.2
28 22¢.8
26 229.4
2C 23c.C
21 224.¢
32 237.3
32 279.9
34 242.5
3¢ 24%.1
36 247.8

0EG C
KG/M3
JIKGK

Fe1.25 P/0=5 THal W/VCF(OPTIMUNM)Ses

FEX
0.10672E
0.112C5€
0.11738E
C.12272E
C.128C5€
0.133236E
0.13872¢
Os144CLE
Cal4Y36E
0.15473E
C.160(¢E
0.16539%E
0. 16G45F
C.17220E
0417464
C.1771CF
0.16C46F
0.13321E
0, 1€5¢6E
0.,18871E
Cel9145E
0.19420E
Ce19¢665E
0.166171E
Ca2G247E
Cs20522E
C.2015¢E
C.21C71E
0.213486E
C.2)1€20E
C.21965E
0.221171F
C.224417E
0.22722F
0.229S17E
0.23211E

UINFs
VISCs 0.16138E=04 M2/S

Pk=

07
c?
07
07
(o4
or
07
o7
o7
07
o7
(*2
07
07

10
61,53
4l.68
41.59
41.55
41.57
41.56
41.53
41.51
‘1.59
41.55
4t.t8
41,63
36.C3
38. %9
38.59
38,37
38.57
38.57
38.46
3E.46
38.49
38.48
38.48
38.48
38.48
JB8.44
38.51
38.53
38.49
38.5%3
3g.51
38.48
38.46
38.2¢6
38,42
38.42

UNCERTATATY IN REX=12723.

16.95 M/S

0.719

REENTH
0.17230¢E
0.18533E
0.38972E
0.58314E
0.78801E
0.98530E
0.119617¢
0.13551E
0.16021E
0.17943E
0.19635F
0.21858E
C.237¢8E
0.23784E
0.23800E
0.23817E
C.23835E
0.23853€
0.23871E
0.23862E
0.23912E
0.23933¢E
C.23955E
0.23977E
C.24301E
0.24025E
0.240449E
0.24075E
0.24101€
0.24128F
0.24155E
0.24183E
0.24211¢
0.24239€
0.24264E
0.24295E

STANTON NUMBER DATA
TINFes 31,68 DOEG C

XYQs 26.1 CM
STANTON NO 0sY
0.264724E=02 0.T781E~04
0.24131€E-02 Q.T766E=04
0e26572E-C2 Qe T94E~04
0.27354E~C2 C.BOOE=04
Ca26314E~C2 O0.791E=04
0.22870E~C2 0.T64E=-04
Co19845E=C2 CoT748E~04
0.18516E=02 C.T741E-04
0.18J82E~02 0.733E~04
0.17534£~C2 0.733E-04
0.14507€-02 0.710E-04
0.13471E=-C2 0.707€E-04
0.58€682€03 C.420E+-04
0.58762E-03 0.5%5E~04
C.584+276€-03 Q0.519€-04
0.63037€-03 C.5¢5E-04
0.65687c-03 0.533E-04
0.65411E=-03 C.540E-04
0.72007E-03 0.528E-04
0.760856-C3 Ce535E-04
0.73172¢~-03 0.535E~-04
0.78372€6~-C3 C.573E-04
0.81486E~03 C.563E-04
0.8051CE~C3 C.5895E~-04
0.87578E-C3 C.597€-04
0.86225F=~03 0.591E-04
0.92473€E-C3 Q0.607E-04
C.97355€-03 O0.614E-04
0.9188lE-C3 (0.585E~04
0.99271E~C3 C.&31E~04
ColC275E~02 0.&630E-04
0.99391F~03 0.632E-04
0.10230€E~02 C.620E-04
0.10146E=02 CJ.b611E~04
0.10813€-02 0.673E-C4
0.92103E-C3 Q.667E-04

UNCERTAINTY IN F=0.05037 IN RATIO

DREEN
Se
57.
97.
125,
140,
169.
188,
205,
220,
233,
246,
259.
265,
265,
265,
2654
265,
265,
2€S.
2654
265.
265,
2654
265,
265,
265,
265.
265,
265.
265.
2E&5.
265,
265,
265,
2¢5.
265.

1.14
1.08
1.14
1.09
1.16
1.09
1.12
1.06
1.10
1.09
1.10

3

0.0371
0.0349
0.0370
0.0352
0.0377
0.0353
0.0364
0.0344
0.0355
0.0353
0.0358

T2

41.34
41.21
41,20
41.38
41.54
41.51
41.68
41.55
41.61
4l.50
hl.41

THETA

0.963
0.961
0.965
0.981
0.994
0.998
1.017
0.996
1.006
0.941
0.978

DYH

0.031
0.031
0.031
0.031
0.031
0.032
0.032
0.031
0.032
0.031
0.031}



60T

RUN 082877=~L #¢0 DISCRETE HOLE RIG ¢o® NAS=3=14336

90025CC HSL ¥m},25 P/De3 THaD W/ YCE(CPTIMUN]®OS

RUM C82977=2 ¢es CISCRETE FOLE RIG *99 NAS=3=~14334

8082500 HSL Mal,25 P/D=5 THe} W/VCF(OPY1MUN)ses

STANTON NUMBER DATA

STANTON NUMBER DATA

LINEAR SUPERPCSITION IS APPLIEL YO STANTON NUMBER DATA FAOM
PUM AUFRERS 082977-1 AND CB2977-2 TO OBTAIN STANTON NUMBER DATA AT

PLATE REXCCOL

1 1CEefise.0
2 314CCT4.0
3 1164251.0
4 1248¢21.0
9 1302¢C3,0
6 1357180.0
7 141)45¢,0
8 14¢5727.0
S 152C(C%.0
10 157428¢,0
11 16285%62.0
12 16t2€3E.C
13 1224(CBE.Q
14 3T7204C.0
15 171715%9)3.0
16 18C8C80,0
17 1£381¢€R,0
18 1864121.0D
1§ 1862¢13.0
20 19¢1(2%.9
21 1647978.0
i2 1515¢3(.C
23 2¢03483.0
a4 2C?1¢<iC.C
¢S 2CtCTEE.O
a¢ 2Cedk(1}.0
el cllfce2.0
28 201435, C
9 2171EEE.N
3C 2169PR20.0
21 22211173.C
22 22f5¢e6C.C
33 2283¢48,0
34 2311501.0
35 2329853.0
36 23¢reCs.C

RE DEL2

1753.1
1889.9
2031.7
218644
2351.6
2519.¢C
2682.5
2641.8
3002.5
3161.6
3319.1
3479.5
3801.3
3683.9
3785.1
3051.3
3929.2
4000.6
4080.3
4151.5
4221.1
4289.3
43557
4420417
44845
4546.9
4608.4
467C.1
4730.8
4790.4
%850, 0
©90R.7
496643
5023.6
5001.4
$135.9

$ST{TH=0)

0.002505
0.CC2537
c.cozeen
0.€C30C9
0.002C81
€.002086
0.0C2538
2.602934
0.ccz98a
0.€02873
0.0C2931
0.CC2978
€.€02912
0.£02004
0.001085
c.cce188
0.£02782
0.CC2745
0.002528
0.002556
C.CC2464
0.002368
0.00237¢2
0.C02275
0.002283
0.002182
0.002209
€.C022€5
0.¢02131
0.002126
0.002i32
0.00206)
0.CC2C52
0.002049
0.c02C81
0.001811

REXHOT

106715240
1120496.0
1§73640,0
122718440
1280529.0
1333873.0
1387217.0
1440561,0
1493906, 0
15647250.0
1600594.0
1653939,0
1694480,¢
1721653,0
1749425.0
1777033.0
18C4536.0
1832103.0
1859580, 0
1887053.0
1914525.0
1941998,0
1969470.0
1967075.C
2024681,0
2052153.0
2079626.0
2107098,0
2134571.0
2162043.0
2189915.,0
2217120.0
2264725.0
2272198,.,0
22956711.0
2327143.0

RE DEL2

17123,.0

1853.2

3566.0

5972,0

808Y.9
10C97.9
12222.8
14210,.6
16249.2
18174.7
20159.5
22111.0
24066.9
24081,7
24056.4
24i11.8
24128.2
24145,.1
24162.8
24182.2
2420i.7
24221.6
2624¢,1
24264.1
242864
24309.6
26333.4
24358.8
2438441
24405,8
24436.9
24404,
264491,2
24518,8
24546,9
24573.9

STUTHaY)

0.002472
04002409
0.C02698
0.C02725
0.C02619
0.002277
0.001985
0.001860
0.C01016
0.001754
0.0C148%
C.001313
0.000538
C.00C537
0.000532
0.C0C545
0.000613
0.CCOo611L
0.C0L682
0.000723
0.CCCOY6
0.000751
0.000782
0.000774
0.€0CB51
0,C0C835
0.C0C898
G.0NC948
0.C0CB8%4
0.000969
0.C01004
0,080972
0.001002
0.000u93
e.001C61
0.000902

ETA

wuuL
0.051
Asd s
o.ﬁq‘
0.150
0.262
0.324
0.366
0.392
0.369
0.495
0.559
0.815
0.821
0.828
C.790
€.78¢C
0.778
€.730
0.717
0.718
Cc.683
0.670
C.66C
0.627
0.617
0.594
0.570
0.581
0.544
0.529
0.529
0.512
0.515
0.4%0
0.502

Th=0 AND Thwl

STCR

1.0C0
1.082
1.132
1.268
1.326
1.368
1.310
1.323
1,375
1.336
1.380
1.4C0
1,483
1.592
1.556
1.519
1.482
l.467
1.411
1.311
1.353
1.257
1.243
1.281
1.232
1.2715
1.183
1.159
1.191
1.1178
1.157
1.148
l.139
1149
1.132
l.139

SYEANTCA MUFAER RATIO BASED ON EXPERIMENTAL FLAY PLATE VALUE AT SAME X LOCATION

STERTCN AUNMBER RATIO FOR THai 1S CONVERTED TO CCMPARABLE TRANSPIRATION VALUE
USING ALCGUL ¢ B5/8 EXPAESSION [N THE BLOWN SECTION

F=COL

0. 0000
0.0401
0.0385
0.,0407
0.,0389
0. 0415
0.,0391
0.0400
0.0385%
0.0402
0.0388
0.0400

STHR

1,000
1.027
t.136
1.148
t.l27
1.009
0.6885
0.839
0.836
0.814
0.697
0.617
0.274
0.285
0.268
0.319
0. 326
0.326
0.38]
0. 388
0.382
0,411
0.410
0.436
0.459
0.488
0. 481
0.498
0.499
0.537
0.545
0.541
0. 556
0.557
0.577
0.567

F=HOT

0.0000
0.0371
0.0349
0.0370
0.0352
0.0377
0.0353
0.0364
0.0344
0.0355
0.0353
0.0358

LO6d

1.000
5.650
5.578
5.823
5.675
5.832
5.370
5.424
5.289
5.395
5.172
5.030



0Tt

PURCB31TT VELCCITY AND TEMPERATURE PROFILES

} (T
UINF =
visC =
FCET »
HCC

Yecr)

0.5
C.C30
C.(21
C.C56
C.C43

g.L16
C.C89
C.1C2
C.114
C.127

€.137
C.157
C.1€3
Cc.2c8
C. 246

C.297
C.248
C.4l1
C.488
0.517

C. 104
C. €]
1.C21
lecl2
l.4€2

1.253
1.783
l.€47
'lq,‘
2.C37

2.1¢1
2.228
2.261
0225

2615,

0.241
3.179
0.351
l1e854

CF/2 = 0.,1T028€E-02

REY o Co11324F 07 REY =
21.48 CM DEL2 =
16.808 M/$ DEL99»
C.15564€~04 M2/S LELL =
3 H -
127.76 CH
Y/CEL U(M/S) U/UINF Ye
0.0Ce 8.28 0.491 11.4
C.010 8.60 0.51¢ 13.6
C.Cl6 8.54 0.530 22.7
0.014 9.35 0.554 25.0
C.C14 9.56 0.566 19.3
C.T26 9.80 0.581 26,1
0.028 10.01 0.593 39.8
C.022 10.14 0.601 45.5
0.C26 10.35 0.613 51.1
C.04C 10.51 0.622 6.8
C.C43 10,57 0.626 6l.4
C.C5C 10.76 0.628 70.5
€.Cc58 10.96 0.649 al.8
C.Ce6 11.18 0.663 93.2
0.078 1l.47 0.680 110.2
0.094 1l.7¢ 0.697 133.0
C.110 12.06 0.714 155.7
0.120 12.37 0.733 184.1
0.156 12.74 C.755 218.2
0.1€2 13.(5 0.774 2%8.0
C.222 13.58 0.%ue 314,80
C.2¢2 14.C1 0.830 2371.6
032 14,61 0.865 456,9
0.382 15.14 0,897 542.1
Cad42 15.63 0.926 627.3
€.5C2 16.05 0.951 712.6
0.562 16.42 0.9713 1797.8
C.582 16.48 0.975 B26.2
0,622 l6.064 0,986 8B3.0
0.642 16,68 0.985 9li.4
C.662 16.73 0.992 9139.9
C.7C2 16.80 0.995 99¢.7
0.722 16.83 0.997 1025.1
C.742 16,64 0.998 1053,S
0.782 16.88 1.000 1130.3

2.482

Ue

11.089
12,35
12.84
13.42
13.72

14.07
14,37
14,57
14,86
15.09

15.18
15.45
15.74
16.06
16.47

16.89
17.31
17.77
18.29
18.75

19.49
20.11
2%.97
21.74
22-‘6

23.04
23,58
23.6)
23.90
23.9%

24.03
24.12
24.16
24.19
24.23

REN L] 1090
[~} DEH2 = 0.173 CH
CM  DELY99 = 1.665 CH
CH  VINF - 16.91 M/S
v1isc » 0o 15672E~04 M2/8
TINF - 25.87 DEG €
TPLATE = 38.23 DFG €
Y(CM) T(DEG-C} TBAR TBAR
0.0127 37.51 0.0580 0.942
0.0203 37.33 0.072 0.927
C.03C5 37.21 0.082 C.918
0.0361 37.16 0.C87 0.913
C.0508 37.11 0.0%1 0.909
0.0635 36.89 0.109 0.691
0.0762 33,50 0.382 0.618
0.0889 32.03 0.501 0Q.499
0.114) 30.74 0.6C06 0.394
0.11397 30.07 0.660 0.340
0.1851 29.712 0.689 0.311
0.16CS 29.44 0.711 o0.289
0.2159 29.23 0,728 0.272
0.2540 28.94 0.752 0.248
0.2321 28.75 0.767 0.233
0.3302 28.53 0.785 0.215
0.3556 28.43 0.793 0.207
0.3810 28,35 0,800 C.200
0.4121 28.21 0.811 0.18%
0.4572 28.07 0.822 0.178
0.4653 27.94 0.833 0.167
0.5461 27.80 0.844 0.156
0.6350 27.56 0.863 0.137
0.7620 21.26 0,888 0.112
0.8890 27.01 0.908 0.092
1.0180 26.78 0.927 0.073
1.0795 26,68 0.935 0.065
1.2065 2650 0.949 0.051
1.3970 26,27 0.908 0.032
1.5240 26.14 0.978 0.022
1.6510 26.02 0.988 0.012
1.7145 25.95 0.993 0.007
1.7780 25.91 0.997 0.003
1.841% 25.88 1.000 0.000



111

RUN 083177 & CISCRETE MOLE RIG **& NAS=3=-14336 STANYON NUMBER DATA

TACE= 25,38 DEG € UINFs 16.89 M/S TINFa 25,26 0EG C
PRCs 14186 KG/M) VISCe 0.15616E~04 M2/S XYos 21,5 CM
CPs 1013, J/KGK pP= 0.715

8926CC FSL FLAY PLATE P/Ds1 (9%

FLETE X REX TC REENTH STANTONNO DSsY OREEN ST{THEQ) RATIO
1 127.8 C.1l1492E 07 38.13 0.18951E 04 0.23352E-02 0.590E~04 Qe 0.20699€E-02 1.126
2 132.8 0.12041F 07 38.15 0.20210€ 04 04224 74E=C2 0.584E=04 9% 0.20506€E=02 1.096
2 137.6 C.12550F 07 38.15 0.21429€ 04 0.21508E-02 C.580E=04 Ge 0.20324E=-02 1.078
4 143.0 0.13140F 07 38.1l 0.22639E 064 0.22166€~C2 C.563E~04 9. 0.20151€-02 1.100
S 148.1 0.130689F 07 138.17 0.23832€ C4 04212436~02 0.576E~04 9 0.15987¢E=-02 1.063
¢ €2.2 0.1423RE Q7 38.21 0.24982E 04 0.20044E=02 0.571E-04 10. 0.19830€~02 1.04)
7 154.2 0.164788F 07 38,17 0.26126E 04 0.21003E=-C2 C.574E~04 10. 0.19681€-02 1.067
€ 1€3.3 0.,15337€ 07 38.15 0.27263F 04 0.2038)E-02 0.572E-04 10, 0.19538E~02 1.043
§ 168.4 0.1588¢65 07 38.13 0.25369E 04 C.16501€6-02 C.570E=04 10. 0.19401€E-02 1.026

1 173.5 C.lo43sE 07 39.13 0.29464E 04 0.199606E-02 CJ57UE-04 11. 0.19269E~02 1.036
11 178.&6 0.16SE5E C7 36.15 0.30558E 04 0.16847€E-02 0.569E-04 11 0.19143€E-02 1.037
12 183,686 0.17524€E 07 3e.13 0.31631E 04 0.19253E~C2 C.567E~0D4 1l. 0.19021E-02 1.012
12 1€7.5 C.17952E 07 37.43 0.32420E 0% 0.18340€~02 C.650E-04 11. 0.18932E-02 0.96%3
14 160,1 0.13225E 07 37.18 0.32745E 04 0.187C4E=C2 C.694E~04 11l 0.18873E-02 0.991
£ 152.7 O0.18517E 07 31.18 0.33483E C4 0.19312E~02 0.,7C5E~04 1. 0.18815€E~02 1.026
1¢ 15%5.4 O0.1882(2F 07 37.39 0.34014€ 04 0.18172E-C2 C.679E~04 124 0.18758E-~02 0.969
17 16€.C C.19CecE CT 37.39 0.34534€ 04 0.185426-C2 0.685F-04 12. 0.18702€~02 0.951
1€ 2CC.6 0.19369E 07 37.39 0.35060E 04 0.18638E~C2 C.689E-04 124 0.18647E-02 1.000
16 2C3.2 0.16¢52€ CT 317.37 0.35574E 04 0.17670E-C2 0.652E-04 124 0.14593E-02 €C.950
2C 2C5.8 0.19535F 67 37.37 0.36050E 04 0.18713E-02 C.684E-04% 12. 0.18540E~-02 1.009
21 2C8.5 0.202)8F 07 37.37 0.366006E 04 0.177180FE~C2 C.657E-04 12, 0.18487E~02 0.962
¢z 211.1 C.205C0F 07 37.41 0.3711%€ Q4 0.18112E-02 0.679E~04 12. 0.18436E-02 0.982
23 213.7 0.20783E C7 37.30 0.37632E 04 0.18418€~02 0.680t-04 12. 0.18386E~02 1.002
24 21¢.3 0.21Ce8% 07 237.35 C.38147E 04 0.17315E~-02 0.673E-04 12, 0.18336E-02 0.977
2% 218.S6 0.21352€ 07 37.37 0.38659E 04 0.1828LE~C2 C.608E~04 12« 0.18287E-02 1.000
2¢ 221.6 0.21¢35E 07 37.16 0.39107E 04 0.17249E=C2 C.645E~04 12. 0.18239€-02 0.962
21 224.2 C.21S18E 07 37.413 0.39675E G4 0.18362E-02 0.685E~04 12. 0.18191€E-02 1.009
2R 22¢.8 0.222C1t 07 37.62 C.40196E 04 0.18350E=-02 0.694E-04 134 0.18lL45€E-02 1.014
26 225.4 C.22484E 07 37.39 0.43712E 04 C.18066E-02 0.655E-04 13. C.18099E=-02 0.998
3C 222.0 0.,227¢e€ 07 317.64% 0.41220€ Q%4 0.17799E-02 C.675€-04 13. 0.18054€-02 0.986
31 224.6 0.23C49F 07 37.6¢0 0.,41728E C4 C.18040E~-02 C.b6T4E~C4 13. 0.18009E-02 1.002
3¢ 227.3 0.23334E CT 37.47 0.42229E 04 0.1736TE-C2 0.65ZE-C4 13. 0.179565E-02 0.967
33 239.9 0.23¢18E OT 37.41% 0.42723E 0% 0.17532E=-C2 C.663E-04 13. 0.17921€-02 0.978
24 242.5 0.23901F 07 37.C9 0.432176 04 0,17331F-02 C.630E~04 13, C.17879E-02 0.969
5 245.1 0.241E4E OT7 37.37 0.43713E 04 C.176S3E~C2 C.679E-04 13. 0.17837€~-02 0.992
3¢ 247.8 Ce24407FE 07 37.27 0.44181E 04 0.15363E-02 0.672E-04 13. 0.17795€--02 0.864



AN

RON 0909779 ¢0¢ DISCRETE ROLE RI2 *¢¢ F2S-3-1433§

PADB= 22, 86
*[0= 1,182
cp= 112,.

*s02600 H5L

PLATE X
1 127,8
2 132.8
3 137.%
v 183,)
5 1°8.
3
7
s
9

-
w
w
.

158,

163,

169,
110 173,
1 178,
12 183,
13 187,
"W 197,
15 192,
16 195,

Ao a A ANAT L Te AT A VEWE VY VLW

-
o0
nN
2
k-
-

e

36 247.8

026 C
XG/a3
J/KGK

B=0.9 TR=0 P/D=10 W/Y P (OPTINUN)*&&

REX
Ja.3158)2
0,120922
).126432
%.33195¢2
N. 337468
2.13293:
Y. 733532
0.154012
7:153538
2.165058
0.173562
¥.17503e
0.180278
7.183118
3. 135358
0.1¢c8818
).131668
2.994508
3, 397368
0.2)0186E
%.2)302%
2.,205878
3.233712
0.211562
9.213428
%.217 268
Ye22) 10K
D.222948
).22578E
%.228628
3.23%462
Y.234328
Y., 23717:
D.24201E
Y.232858
0.205698

gINP =™
VI3C= 94;153522-03 u2/8

PR=

07
07
07
07
c7
07
07
07
07
¢?
07
07
07
07
07
07
07
07
37
07
27
07
07
07
07
c?
07
¢7
07
7
07
07
07
07
07
07

To
36.61
36.57
36,53
36.53
36.55
36.61
36.61
36.55
36,55
36.52
36.63
36,52
34,40
35.00
4. 00
38,11
38,31
34.11
34.06
34,09
35.07
35.13
38,08
35,056
34,11
33.96
3%. 15
34,27
33,06
34,28
35,27
34415
35. 31
31.983
38.06
34.06

UBCERTAINEY IN REX=13625.

15.67 uss

9.716

REENTH
0, 130318
0.223082
3,22)52¢E
.237988
0.256288
0.27481E
3.29185¢2
0,30341g
9,325308
0.3%388e
0.353948
3,37614¢E
0.383768
0.80922E
J.40539¢8
0. 410548
J.81561E
0.32071¢2
J.425748
0.453377¢
D.,B835848
J.4450872
). 545998
0.451078
3. 856128
d.401248
D.666378
0.471588
), 487659E
0.48172¢2
0.48685E
0.4919S8
).49598¢E
0.522028
3.537118
0.511938

USCEITAINEY IN F=2),)5037 IX RATI).

0N
0a
04
0s
o4
04
08
0n
03
0a
03
04
04
o8
04
04
e
04
ng
04
04
o]
04
on
04
23
0y
pL]
N4
03
04
04
0a
94
0a
05

XX0=

STANION WO

3.242752-02
0.222152-02
0.22932e-02
0,227928-02
9.,22823E-02
0.22G15E-P2
0.22%11e-02
d.212)1E-02
0.217278-02
0.200271E-02
9, 21425E-02
D, 2n589e-02
3.37575E-02
0.977)78-02
D.18598e~02
06.37655e-02
0,37968E-02
9.178368-02
d. 17457802
09.37917E-02
5.177158-N2
Yo 177113E-02
5,182622-02
0,37u52R~N2
0.1&0822'02
9.17813E-02
3. 18217g-02
2.13442p-02
J.17u8€E-N2
3.17873E-02
0.18233e-02
0.17673E~92
0.178%0E-02
0.37633E-02
0.381878-02
3.1615)E-02

SSANTOR RONBZR DATA:
LIN?Pe 22,78 DS C

21,9 o1

pse
0,5562-08
3:5852-00
)i551E-0M0
3.546E-08
Be55%E-Dh
D.SQBE-O'
9.5038-0'
2.541E-08
f.5u42-0%
t«536E-0%
1+539E-04
0.539E-08
2.577E-0%
Y. 565E-04
0,692E-04
).5688-24
°|67QE'°'
9.5758-00
0.651E~0%
d.563E-04
0.6616-)4
2.57498-24
b.683E-0%
No565E-2%
h,5882-08
3.5655'9“
0.5888-03
J.101e-04
D.645E-DY
J.6858-04
fl.6872-00
305632"“
N.6798-0%
J.pU9E~DY
h,7022-0%
h.708E-D)%

9.
10,
1.
12,
12.
13.
14,
15.
13,
16.
16.
17.
17.
17,
17,
17.
117,
17,
17.
17.
17.
17.
17.
17.
17.
17.
17.
17.
18,
18.
18,
18.
18.
18,
18,

0.42
0.00
%52
0. po
9. 40
0.p)
0.53
0.0
6,33
0.90
0.%3

4

0.0038
0.0038
2.93%2
2.0042
0.0032
Y.2332
0.0243
9.2343
3.3)32
0.0032
3.008)

26,40
36,53
26.27
36,55
26,38
36,51
26,28
36.55
26, 36
36,63
26,15

); 258
D265
).258
0.256
0.26)3
J.253
0.257
3,257
3. 253
0.263
), 243

Yid22
D.023
3.022
2.%22
d.021
).p22
D.322
0.322
d.)22
0,022
d.p22



€1t

2UF 1999772 ¢4 !DISCRETE HNOLE RIG ¢¢4 .¥18=3-181336
TINP= 28,05 023 C

TADSs
RED=
Cps=

942500 9SL .H=0,3 TA=1 P/D=10 R/VYCP(OPTIRUR) @

PLATE

VRO EWN -

10
11
12
13
1]
15
16
17
18
19
20
21
22
23
28
25
26
27
28
29
3n
kR )
32
33
kY )
as
36

1) 1

28,37 p2G C
1.176 x6/83
1313. ,3/K6K

4 344
127.8 %.118
132.3 93.12)
137.9 0.125
133,9 9,131

3 J.138
N, 142
3. 147
7,153
2,158
9,164
3.153
0.475
3.179
3. 132
%.164
). 187
0.19)
3.493
D196
9.1358%
D.201
). 203
0,207
0.21
N.212
3. 215
9.213
Y221
0.224
o227
n, 232
Y.233
N.,235
7.238
Ye241
7.2%3

ERTAISTY IX

olEP=
vI32= 0,1587)2-08 n2/3

Pi=

80e 07
28e 07
77 07
26E 07
758 07
23 07
72 07
21E 07
758 07
182 07
678 07
162 07
33e 07
162 07
98g 07
82E 07
668 07
R9E 07
31 07
148 07
97 07
79 07
628 07
4eE 07
308 07
12e 07
35e €7
782 07
£0B 07
432 07
258 €7
398 07
93g 01
762 €7
5z 07
41E 07

10
36.53
36.57
36.67
36.63
36.67
36.67
36,62
36,61
36.55
36.67
36.55
36.53
35.39
35.09
35.09
35.14
35.1%
35,18
35,03
35.05
35.05
35.01
34,99
35,03
35.05
34.69
15.10
35.18
3“-95
35.14%
35.74
35.01
35.01
34,78
35.93
33.93

REX=13554.

15,71 n/8
). 716

REESTH
0.183328
0.221818
0,223372
3.251538
9, 28548E
D.31625¢
J.3utgue
3. 366078
0.3957%8
0.42552E
d. 43212
0.,47257¢
5,897C9€E
).519048
0,52300¢
).521048
0.531108
3.53523e
0.5393¢68
0.54357¢8
D.53782L
J.552108
D.55549¢
}.56(C8EE
0.565290E
).56955¢2
0.574108
d.578828
0.58315E
0.58752¢2
5.592052
Ji595568
D.601058
J.560553E
0.61%008R
D.61445SE

GECEATALIPY IN P=0,05037 1IN BATID.

0s
oa
05
04
by
0y
o4
04
04
0o
0a
04
ng
04
08
04
04
04

XYO=

STAHTIR WD

0. 2684552-02
0,210942-02
0.203658-02
3,195702-02
3, 16774E-02
0.18759E-02
Y. 173338-22
0. 16713e-02
J.165)3E-02
0,16733E-02
0.158328-P2
).15911e-92
0.12€92E-C2
D.13489E-02
d.1uus5%e~02
0.14n¢7E-02
), 146178E-02
0.14567p-02
J¢14613E-02
0. 15152E-02
J,34832E-02
0.153718'02
3,15672B-32
0.35142E-M2
0.156558-02
3.,.15755E- 02
3.1571)E-22
0.16276E-02
). 15253€E-02
0,15903€E-02
0.16776E~D2
0.15335g-N2
0.153877e-02
0.15763E-02
D,16417g-02
D.J4033E-02

STAN201 XOUBER DATA

21,3 cn

1134
S16E-00
.59QB-0'
+386E-08
«583E=-04
«5778-04
05778"b
372B-24
«570E-08%
.5712'0'
05515-)‘
0.569e-9%
)05132'3'
0.473e-0%
D.55%E-08
3.5758-D4
0.5552-04
3.580E-04
0.584E-08
N.370E-D4

0.59308-04

OISSSE-O‘
B.6CTE-DG
9.5163'0“
N.606e2-08%
3.622E-24
0.6102-00
9.,524E-08
0.641E-D%
5.593E-2%
0.6332-08
Y.533e-3%
0.6232-0%
9,539E-0%
0-60“8’““
d.f58E-0%
3.6538-0%

pRERE

8.
19,
12.
14,
16,
18,
19,
23,
22,
23,
24,
25.
26,
26.
26,
26,
26.
26,
26,
26,
26,
26,
26,
26,
26,
264
26.
26,
26.
25,
26,
26,
26,
26
26.
26,

0533
%00
0. 45
8.0
D 38
0.00
ol us
0.00
0,33
2.0}
0. 4n

L & £2

3:3)27 36.95
Y.0)27 36,67
0.0036 37.03
3.2336 36.67
).7323 16,81
0.0928 36.63
37336 37.05
0,0335 36.55
D.0027 36.67
3.3327 36.55
0.0033 36.74

1.030
1.03)
1.032
1.032
1.1
1,011
1.235
1.033
1.00
1.9))
1.016

9.0235
34325
.025
3.)25
3,225
J.025
).2)25
3,325
).325
).025
2.025



Tl

RUY 0909771 002:DISCREPE EOLE R1Q ¢e¢¢:RaS~3-1833¢

0002600 E3L.820:) TReDP/D=10.0/VCP (ORPRIEUA) O 0O

0% 0909772 *60:DISCAEIE NOLE RIQ ¢¢¢ 313~3-14336

0802600 N3t 3=0.9 TE=1 P/D=10 W/VIP (OPYIBUR)S®#:

STAS208 BURDER DATA.

STARTOS NUADER DATA

LINEZAR SOPERPISIZION IS ARPLIED $) BSTANTOW NIKBER DATA PROE
BOE WORSEZRS J$2377-1 AND 030977-2 PO OBTAIN STANTON SU8BER DAZL AT Td=2 AWD Pist

PLATE RRICOL

1153593.)
1299188,
12€5317,9)
1319379,)
1378¢€82,)
1829370,)
1850966,
1582123,.)
1535231,9
1650%53,)
1705613.9
17€9771.9)
1£32791,)
“631139,)
1859513,)
1€£83763,)
191551);)
1915%19,)
1973327.)
9
)
?
)
0
)
?
)
?
b
7
?
4
?
b}
b
¢

-
PENAP AT WON -

R R A Y B
DOBDARAN D WN

2201835,
2033245,
2058553,
2087752,
21155)8,
25 218315,
26 2172563,
27 227191,
28 2223180,
2% 2251133,
N 2285197,
31 2318336,
32 23413152,
33 2371538,
3N 2300107,
35 2828515,
36 2456328,

NODONN
LAY K X ]

RS DIXL2

Se(ra=0)

B.002428
0.00223%
0.002389
0.00223%
0.002415
0.002581)
0.002355
0.p0227)
0,002348
0.002123
0.0023%)
0.002213
0.001923
0.09191%
0.0023)3
6.0C1838

0.00191) .

0.0C19)1
0.001832
0.0018335
0.001853
0.001951
0.00131%
0.001823%
0.0018) 1%
0.001857
0.001337
0.0C1913
0.00132)
0.001853
0.001832
0.0C1820
0.001885
0.001023
0.0%2181)
0.001671

REZHOT

1187973.)
1202887,)
1257722.9
1312596.0
13674124

9822345, -

iIN77219.)
1532094.9
1586969.)
16818453,
1696717.9
1751591.)
1793296,9
1321555.9
1945817,0
1878214,)
1306612.0
1934872.)
19631320
1391392.9
2919652.9
2387913,
2176174.9
2134571.,)
2132969.0
2161229.)
2189989,.0
221775%.0
2246019.9
2274271,
2302531.90
2330928.)
235932649
2387586.0
2815346,.90
2884107,)

28 DEL2

1833,32
2718,2
22M.7
2537.1
2301, 9
3133, 5
3334,2
3639.3
33,7
8221,9
4938,9
8593,8
89352
5152.)
5191,7
5232,2
5272.9
5318,3
£355,7
5337.9
5440,8
5431, 3
£527.3
5571.9
5614, 6
5657, 1
5703.1
5743,0
5791,9
5313,
8083,5
5329.7
5971,6
€013,8
6068,0
61)7.8

sp(tR=1)

J.)02088
0,002113

1578

1341

goo0o
0,054
0.143
0.1%3
0.216
0.22%
0.263
0.259
0,236
0.299
0.322
0.28)
0.337
0.293
0.275
0.251
0.23)
0.232
0.205
0. 195
0.201
0.168
0.18)
D. 168
0.171%
0.151
0.175
0.150
0,155
0,142
0.149
0.129
0.138
0.134
0.128
D.132

® ® ¢ o ¢ o 5 o ® 5 2 08 e ° a0 e
~
o
a8

P i R Y X X o W Qi Qi W i W S R e i e bbb
h
DD IS DO W DO W DT DI WA CD W L 4P o b b ik ‘w8l b D

NN E &R IR G N awWDDVTON A WWWR SN NN =R W WD
@PNNWOONPRWPOUIFAWNYOERWOCOUANWBNDWEVNADINO

STARZOS NOSBER RATIO BASED ON BXPKRIMENTAL PLAR PLARE VALGR AY 3423 I LOCARIOE

STARTON $U3DER RATIO FON Sd=1 IS CONVARTED TO COHNPARASLE TRRANSPIRAZION VALUZR
GSIES ALIG(Y # 3) /B SIERESSION IK fHR DBLOWM SECIION

P=CL

8.p000
9,03y
0.0038
0.9332
0.0082
0.)132
0.0032
0.)09)
0,003
0.0032
b.p032
0.0080

1.900
3.9)
0.9
0,837
0.892
Y. 915
0.029
3,821
D.841
0.640
2.8)2
0.82)
3. 695
0.724
). 751
0.778
0.79)
0.783
).02)
0.811
3.83)
0.850
).852
D.8u7
3,853
0.893
). 857
0.086
). 852
8.895
d.832
0.913
nl 93'
0.911
3.929
0.9

LN
00033

L0Gs

1,009
1,457
1.862
1. 568
1.59%
1.48)
1.183
1. 351
1,589
1.409
1.367
1.532%



S1T

208 091077-1.%%& DISCRRTE. ROLE RIG ¢#¢ RNAS~3-18336
PIap= 24,39 026 C

TADD= 28,52 026G C

RRO=
Co=

1.175 Kxc/A3
1013, . J/KGK

11244

[ £

15.72 8/8

YISCe );155012-D8 n2/3

PE=

4542600 HSL 3=0,90 TH=0

PLATE

X fEX
127.9
132.9
137.9
183,)
148, %
153, 2
158, 2
163, 3
168.3
173, 5
178.6
183.5
187.5
19,3
192.7
195. %
198.)
2)0.6
273.2
275, 8
218,55
211,93
211.7
216.
213,
221,
221.
226,
223,
232,
223,
237,
233,
2“2.
243,
2537. 8

5 WD W VN O e D N O W W)

d. 113642
0.127122
Y,125608
2.131082
d.13656E
7.%3208E
3.%37528
A,153008
Y.1534398
d.15396E
D.1654a2
Y.17492E
%.173982
9.181918
3.133732
N.1875€8
Y.13)408
0.193222
. 153048
6.198872
Y.2)163¢8
0.204518
7.2371332
N.213%7e
Y.213318
9.215833
2.218558
0.221478
3224238
3.227128
Y.223348
2.232778
3.233618
7.238432
Y,241252
9.2““338

07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
97
07
17
97
07
07
27
07
07
0?7
07
07
07
07
e?
07
07
87

2.715

X10=

P/D=10 R/VYIP (OPTINON) ¢be;

10
37. 317
37.20
37.12
36.93
36495
36.92
37.05
36. 84
36,97
36492
37.05
36.90
35.03
34,63
34.63
35,78
s, 78
34,78
38.76
35.78
38,78
34,84
34.7%
34,80
34,82
34.70
34,88
34.93
34,76
34.99
33,93
34,86
35,82
34.57
35,78
4,78

USCEREAINPY IN RBX=13535.

REEETH
9.189062
0.20173R
D.226388
0.251368
0.,27396%
9.3%884E
2.33552E
9.36193¢8
0.39))1e
0.417958
D.44325¢e
). H68T4R
0.491162
D.51303¢2
2.51356R
3.52101e
0.526328
0.53166E8
).536898
0.549211E
0,54737E
0.552578
). 551785E
0.56309%¢e
0.56831E
2.57357¢8
J.57882%
0.53%198
3.58937R
0.534548
}.53992E
0.63168
9.51038¢8
0.615588
2,521934E
D.625908

08
08
o0&
04
08
ny
D&
na
04
03
04
04
04
04
na4
04
08
04
N4
04
0a
]
04
04
04
08
4
ni
4
04
04
0u
04
04
D4
)

SCLANTON NO.
0,244242-02
5.21833e-02
d.23732E-02
0.23213g-02
3.23354£-02
0, 24069E-02
3,23574E-02
0.,22572e-22
D.23261E-02
3.22216E-02
3.22734E-02

0,22883e-02"

0.16852e-02
3. 13234E-32
D.19951e-02
3.18532£-32
0.189858-02
0.183358-02
0.181798-02
3.1873)8-02
D. 184528-02
J.18353E-02
D.18981E-02
J.18112E-02
0.18832E-N2
). 183318-02
0. 1975622-02
2,19277ep-02
0.18n89g-02
0.1855%E-02
0.187858-02
7.18349E-02
J.18S545E-02
5.)8257e-02
J.189782~02
J.J6423E-22

STANTOR FUARER

21.%3 Cn

pse
0.59us=-00
0,586E2-08
J.601E-08
d.6052-08
916102'0.
0.512g-08
b.6032-08
’06078'0“
0.,605£-08
).591E-0%
).598E-018
0.605E-2%
5.5333-35
3.73“2-3“
0.753e2-08
J.T718E-)4H
3.725E-0%
3.7233'0“
0.5932-05
d.712E-38
907038'3“
5-7132‘5"
0.7252-04
D¢707E-08
0.7208-9%
3.7JZE-OQ
0.7258'0“
J.T44E-DY
0.6832-9%
9072“g°°“
0.724E-94
001098')“
0.7203'0“
9.5395'3“
D.THS5E-24
d.T47E-34

D§CERTAISZY IN F=),35037 IN RArID

DATA

L]
19,
13.
164
18.
21.
22,
24,
26,
217,
29,
o,
3.
31,
31,
.
31,
31.
31.
1.
31.
31.
a1,
.
it.
at.
.
3.
31,
31,
31,
31,
31,
M.
3.
31,

0.82
0,00
1. 01
0. 00
0,88
0.0)
1. 00
6.
0.85
0. 00
0.87

r

0.0067
0.0067
3.3382
0.0082
0.00671
Y00
0.n081
3.0)31
), 3159
0.0069
3.0MN

28,67 ), 338
37,12 0,338
28,89 ),352
36,95 D.352
28,78 9.350
37,05 3.35)
28,75 2.35)
36,97 0.33)
28.71 ).315
37.05 0,345
28,76 ),35)

3:)23
J.02%
Jed28
0.025
J.028
Y. 325
5.02“
D.225
).)2%
J.025
3.024



911

RUR 0910772 ¢oe DISCRETE NOLE RL3 #¢¢ EAS~3=18336
TINPs 28,28 DBG C

PADBe 28,35
BHO= 10175
Chm ’013.,

*022600 HSL.

PLATE X
127,
122,
137,
133,
148,
153,
158,
163,
169,
0 173,
11 173,
12 183,
13 187,
18 191,93

OONAUN®EWN -

VA" 0. AT ) TAWE V) AL VIV 24

DEG C
KG/nl
J/KGK

oxgr=
¥YISCe ),154872-04 82/3

PR=

15.72 u/8
D.716

I10=

1=0.9 Z28~1 P/D=10 W/VCPF (OPTINUX)D®S:

REX
1, 113712
3.120198
Yi125688
J.131162
0.13664¢2
n.162138
Y, 137618
7,153092
%.153588
7.164068
%.169548
1.175032
9.173198
9.182028
Y. 133048
J.18768%2
Y. 13)52¢E
N.153342
7, 195168
N,196998
Y. 221818
f.204638
Y.2)7458
n.212308
Y, 213138
9.215968
3,21878¢2
3.221618
).224%43R8
.227258
N,23)78E
d.232928
V,23575¢8
D.23358%
3. 241402
Y. 2042132

07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
917
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07

T0 .
36. 36
36.32
36,38
36.38
36.26
36. 80
36.40
36.46
36. 50
36.38
36.432
36,36
35.30
35.907
35.07
35.16
35.16
35.196
35,12
35.12
35.19
35.09
35.01
35.07
35.05
34.89
35.97
35.12
34,93
35.14
35,10
34.99
34,93
34.67
34.89
34.89

ONCERTALSEY IN BEX=13544,,

REENTH
J.18917¢
d.201708
0,245418
2.28317¢
0,342398
5.395813e
J.38295€E
0.439392
3.542028
0.59)61E
0.630853¢
).6781398
0.729598
D.759565E
D.76U407E
0.75849¢2
),77203E
0.777208
5.781508
0.785843
9.79)23¢
0.79463€
). 799158
3.80363E
0.833108
D.81268E
2.81729E
D.82224¢2
3.82672¢E
0.683133E
J.83607E
D.B4)8DE
3. 845508
0.85024R
J.B85505E
0.85366¢8

oa
L]
08
08
0%
0
04
o4
o8
04
03
04
03
04
0n
o4
04
04
04
04
0a
08
04
0n
08
04
04
04
08
o4
04
pL
04
04
04
04

SLaNrom X0

5.2052458-82
0.21131p-32
),222338E-02
0.213762-02
0.20623E-02
0.221812-02
0.209478-02
0.1973)E-32
0,1951¢6€-02
2.195348-02
J.18542e-02
0.3)8524E-02
. 15%48E-02
J.152268-02
0.)6M28E-02
). 35211e-02
0.15537e-02
D.1532%e-02
0.15012E-02
). 15656E-02
0.15477g-02
0.35713e-02
D.16269E-N2
0.15424p-02
0.162012-02
0.162)3E-22
0.16423E-02
3:1712)E-02
N.16°41E-D2
D.16523e-02
0.16996E-02
d.16u457E-02
0.16816E-C2
0.168750E-02
0.17270ne-02
0.1535)E-02

21.3 oo

pse

0.

Y. 5
).519z-08
0.5
3.611!-0“
0.
0.611E-08
DISD’E‘OQ
0.6032'0'
0.E03E-9%
d.537E-28
9.6Goe-03%
0.55“3‘0‘
9.51JE-04
0.6242-9%
J.503E-34
0.6112-0%
3.639E-2%
0.587e-08
3,507E-24
0.6038-0%
). p22E-04
2.635e-94
0.613E~04
d.6012-04
3,629E-04
3.648E-00
7.671e-2%
9.616E-08
3.657e-0%
006638'0'
3.6“33-03
0.662E-08
d.637E-24
0.689e-0%
. 591E-D4

USCERTAIRLY IN F=2).15037 IN RBALID

STANTOT FURBER DAZA

1 334}

8.
13,
18.
24,
29.
33,
k) 5'.
39.
43,
¥5.
47,
49,
5D.
S0.
50.
S0.
53,
50.
50,
50.
5C.
50.
5%
50,
59,
50.
5%.
S1.
51.
51.
51.
51.
51.
51.
51,
51,

0.77
0.00
0. 97
5.00
0.£2
0.2}
0. 94
0.2¢
0.81
0.0¢
0. 8%

4 2

0.0062 35.63
0.0062 36,38
3.5378 36,06
J.0078 36.36
0.0366 36,02
3,0)66 36,4)
0,0076 35,85
3.0)76 36,80
).3)65 35.76
0.0265 36,42
3.3258 35.52

4934 )

3535
0.935
).973
3.973
D.959
J.959
0.958
0.958
J.919
0.949
).



LTI

887 09707701 #0 0 9ISCR2IT NOLE B3 000 FAS<3-18336 STARTOR PORRER DARA
0202600 BSL R=0,90 IX=0 P/D=10 R/VIP (OPTIHIN) 009
R0F 091)77+2 oee DISCREDE BOLE RI3 ®¢e 3L3-3-1333¢ STABZOT 20RBER DATA
0002600 NSL B=0.9 TA=1 P/D=10 W/VCP(OP2INCE)PPS:

LIBEZAR SUPERPOSIPXON 1S APPLIED 20 3SPAFTON ¥IASER DAf1 PROS

BOS BUABERS )91377-1 AND 0910772 PO JBTALN STANTOIN ZONSEE DATL A2 PHe) APD Phe

PRATE  REXZOL RR DBL2 B8P (7R=)) rEXHOR BB OBL2  8I(fHel) 134 st

1 11a5808,) 1890.6 D0.002882 1147105.) 1091.7 0.0%2882 vowovo 1.))0

2 129120)) 2018,2 0.002215 1201910.) 2016.9 0.30211% 0.037 DB.988

3 1256313.) 2186,9 0.0n2a5% 1256771.) 2§75,3 0.0%2192 J.3%) 1.125
8 131212) 2279.% 0.002333 1311508,) 2938,9 0.202125 0,112 1.28)
S 1255029 2815.9 0.0N258% 13653837.) INT77.) 0.232083 0,207 1,216
6 12°01,) 2553.5 0.00251% 1421273,0 8N22,3 0.p02209 D.12% 1.218
7 1875203,) 2693.1 0.0025)5 1375122.) 538,83 0,)0208% 0.170 1.193
8 153v0.) 2828.1 0,002821 1530935.0 4979,% 0.)01953 0.193 1,188
9 1583799.9 2968.1 0.0025%3 1585763.) 5531.8 J3.)01925 D,242 1,277
19 1639593.) 3398.7 0,002372 1680601.0 6023,9 0.D01939 0.182 1,108
1% 169%198,) 3232,8 0.002522 1595424.) 643),6 J,)d1813 0.279 1.271
12 1739193,) 337t.% 0.002533 1759267.) 6938.0 0.001819 0.293 4,318
13 179231543 3470.5 0.032321 179194).) 7379.8 0.021499 0,283 1.1%)
% 18190587.9 3530.5 0.002158 181)179.) 7735.7 3.)31832 0,313 1,158
15 1837233.) 3592.8 0.002225 1838816.0 7838,8 0.Dp01563 0.297 1.152
1% 107%687.9 3652.9 0.002057 1875794.) 7831.,9 3.))1487 0.277 1.132
17 19%91)%.) 3711, 0.0Nn21)1  1305173.) 782%.4 9.0021519 0.277 1,133
8 1932228.) 3773.,9 0.002085 19313309.) 7967.3 3.D¥1533 0.28) 1.719
19 1963143.) 3828.6 0.002))3 19561648, 8029,% 0.D01469 0,267 1.,13%
2)  1988671,2 3886,9 0.00206) 1389387.) 835,56 3.)31535 0.255 1101
21 2015373,) 3943.,7 0.002325 2318126.) 8734,6 0.00151) 0.255 1.139%
22 2135115.) 4000.8 0.001530 2)46365.) 8137,9 0,)21545 0,223 1.999
23 2773335,) 4057,6 0.002357 2074504, 8102.3 9,001599 0,222 1.117
28 2101695.9 8118,5 0.001959 210238)0.0 0225,3 3.)31515 0,23 1.999
2% 213)%85%.) 8171.1 0.002337  2131356,0 8273.2 0.001533 0.218 1.110
2§ 2158275.) 842277 0.001967 2159595.90 $315.2 3,2%'598 D.188 t1.121
27 21851937.) 8283.9 0.002)13 2187824.0 8360.8 D.D01619 0,135 1.)96
28 2218719.) N341.3 0.00205) 2216073.0 847,656 0,)201650 0,177 V. 116
29 22425%1.) 8397.6 3.001323 2243312.0 8853,9 0.001563 0.179 1,368
v 2271162,) 8852.7 0.00197% 2272551.) 8839.3 9,)01532 0.173 1.1)9
31 229313%.) 8508.6 0.001933 2330797.0 €545.2 0.001682 0.152 1,399
32 232771M3.9) B8564.2 0.0019%% 232916641 8532,9 9.)01526 0,16% 1,120
33 2356171} 8619.,3 0.001357 2357582.9) 6633.9 0.p01668 0.150 1.116
v 23883230 8670.0 0.00191% 2385781.) 8635.9 0.)01660 0.)33 1,108
35 2812535.) §729.3 0.00193% 2¥1%020,Q 873%.1 0.PNi710 0.18% 1.129
36 2030766.0 4782,5 0.00176% 2822259.) 8779.7 3.901520 0.1&1 1.15%

STANTOF RUSBER RATIO BASED ON EXPEAIAZATAL FLAP PLATE YALGR AP 5ANS X LOCARION

SEANZON EUSBER RATIO POR TH«1 IS CORVERIED YO COMPARAOLE PRANSPIRATION VALUB
NSISC ALOS (Y ¢ B)/8 KXRRESSIOR IF RNE BLORY 3ECPXON

r-coL

7.)000
3. )62
0.0067
0.21682
0. 0782
0.2)11
0.007¢
0,331
0.0081
9.0063
3. 0069
0.0070

1.000
)i 93y
1. 001
3. 959
0.96%
1.1}
04991
3.953
0.958
Y.
0.915
0.945
). 817
0.792
.81
0.818
.81
0,805
3.831
0.82)
3.60%3
0.853
3.863
0.846
0.8171
0.91%
9,881
0.919
3.87%
0,317
J.932
0.937
3.9%)
0.958
3.968
9.999

Loes



RUNCBOLTT VELGCITY AND TEMPERATURE PROFILES

REx = C.73550F C6 REM = 18264 REH - 1407.
XVC = 10.10 CKH DEL2 = 0.286 CH DEH2 = 0.221 CM
UIrF = 9.89 M/S DEL9S= 2436 CM DELT99 = 2.328 CH
SI1SC = 0.15478E~Cé M2/S DELl = 0.413 CH UINF - 9.90 M/S
PORY = 3 H s 1e044 visC = 0. 15514E=D4 M2/S
XLCC o 125.22 CH CF/2 = 0. 18T14E-02 TINF - 24.87 DEG C
TPLATE = 38.55 DEG C
YCF)  Y/CEL ULM/S) UZUINF Y+ Us Y{CF)} T(DEG C)} TBAR TBAR

0.C25 0.010 J3.E0 0.364 7.0 8.41 0.0127 35.46 0.227 0.773
€CaC33 C.Cl4 3.97 0.401 9.1 9.27 0.0178 35,51 0.222 0.778
Q.C28 C.016 4027 0.431 10.5 9497 0.0254 34.86 0,270 0.730
CsC46 0.C19 4455 0.460 12.6 10.64 0.0305 34412 0.324 0.0676
0.C51 0.021 4.74 0.479 14.0 11.07 ©.0381 33.19 0.392 0.608

0.C28 (C.C24 4 .94 0.500 16.1 11.55 0.6457 32.66 0.43]1 0.569
€CeC66 C.C27 5.12 0.518 18.3 11.96 0.0533 31.99 0.479 0.521
0.C71 C.C29 5.22 0.528 19.7 12.20 10,0635 31.52 0.514 0.486
€79 0.022 5.33 0.539 21.8 12.47 0.0711 3l1.18 0.539 0.461
0.CE9 (C.C36 S.4l 0.547 24.6 12.65 0.,0787 30.87 0.56F 0.439

Ce(ST (C.040 5.62 0.568 267 13.14 0.0889 30.56 0.584 0,416
0.1C04 0.041] 5.81 0.587 28.8 13.57 0.1016 30.27 0.605 G.395
Cel17 C.C48 5.86 0.593 32.3 13,70 0Q.1143 30.01 D0.624 0.376
0.127 0.0°%2 5.89 0.595 35.1 13.76 0.1270 29.84 0.6326 0.36%
Ce135 C.C55 5.93 0.60C 37.2 13.86 0.1524 29.47 Q0Q.664 0.336

€147 C.Ce0 6.06 0.613 40.7 14.16 0.1778 29.29 0.677 0.323
0.173 C.C?1 6.25 0.632 47.7 l4.61 0.2032 29.08 0.692 0.308
C.211 0.087 6.42 0.5649 58.3 15.00 0.2286 28.88 0.707 0.293
Q.249 C.1C2 6,61 0.669 68.8 15.46 0.2540 20.70 0.720 0.280
G.287 0.118 6.71 0.678 79.3 15.68 0.279 280,61 0.727 0.273

0.338 0.129 6.85 0.693 93.4 16.01 0.3048 28.39 0.742 0.258
Ce276 C.1%4 6.56 0.704 103.9 16.28 0.3429 28.26 0,752 C.248
0.414 0.170 7.C7 0.7T15 114.4 16.53 0.3683 28.15 0Q.760 0.240
Ce4€5 C.161 7.18 0.726 128.5 164,78 C.4445 27.87T 0.781 0.219
Qe.%28 C.217 T7.33 0.741 146.0 17.13 0.4553 2771 0.793 0.207

0.%92 0.243 T.48 0.757 163.6 17.49 0.5969 27.40 0.815 0.185
Ce€55 (.269 Te63 0.771 181.1 17.83 C.6604 27.23 0.827 0.173
8.719 G.255 T7.79 0.788 19d.7 18.21 0.7239 27.10 0.837 0.163
C.820 0.337 7.92 0.801 22667 18.52 0.7874 26.92 0.850 0.150
CeSC® C.373 8.C7 0.816 251.3 18,87 C.8509 26,77 0.661 C.139

f.C11 C.41S5 8.19 0.828 279.4 19.1¢ 0.9271 26.463 0.871 C.129
1.C62 0.43¢ 8.3C 0.840 293.4 19.41 1.0033 26445 00885 0118
tele3 C.478 8.50 0.859 321.5 19,86 1.0795 26.33 0.893 0.107
1e250 C€.53C 8.71 0.880 356.6 20,35 1l.1684 26.17 0.905 0.095
1.417 C.5E2 8.84 0.864 3Sl.7 20.66 142954 256000 0.917 0,083

1.¢C8 C.660 9.07 0.918 444,64 21.21 1.4224 25.82 0.9306 0.070
1735 0Q.712 9.27 0.938 479.5 2167 1.5494 2567 0.941 0.059
1925 0.790 9.47 0.957 532.1 2213 1.7399 25.48 0.956 0.044
2119 (.865 9.66 0.977 6C2.3 22.51 1.8669 25.34 0.965 0.035
2370 G€.973 9.19 0.990 655.0 22.88 2.0574 25.18 0.977 0.023

2,497 1.025 S.86 0.997 690.1 23,05 2.3114 25.02 0.989 0.011}
24560 1.051 9,90 1.001 707.8 23.14 2,6289 24.92 0.996 0.004
2.083 24.87 1,000 0.000

118
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AUN 080177 *++ DISCREYE HCLE RIG ##& NAS=3=14336 STANTON NUMBER DATA

TaCt=s 24.79 DEC C UINFs 9.87 M/S TINFa 24,74 DEG C
Re-C= 13176 XG/MI VISCa 0.155C2E=04 M2/$ XY0=  10.1 CM
(Ps 1C13. J/KGK PR= 0.716

44 18CC FSL FLAT PLATE pP/DaSw%s
PLITE X FEX T0 REENTH STANTONNO DSTY OREEN ST{THEQ) RATIO

1 127.8 0.7487S€ 06 38,53 0.13999€ 04 0.23879E=02 0.943E=04 164 0.22543€~02 1.059
2 132.8 0.78112E 06 38.53 0.14782E 04 0.24551E=C2 C.950E~04 16, 0.22354E~02 1.098
2 137.9 O0.H1345F 06 38.55 C.15586E C4& 0.25190E=02 C.956E=04 1¢. 0.22173E=02 1.136
4 142.0 0.84578E C6 38.49 0.16405E 04 0.25435E=02 0.961E=04 17. 0.22001€-02 1.156
5 148.1 0.B7812E 06 3H.49 0.17222€ 04 0.25102E=(C2 C.558E=04 17. 0.21836E=02 1.150
€ 1£3.2 (C.S1Ca0E 06 3846 0.18026€ 0% 0.24620F=02 0.,955E-04 17. 0.21673E=02 1.136
T 158.2 0.G427¢€ 06 38.40 0.16814E 04 0.241626-02 0.950E-04 17, 0.21528E-02 l.122
€ le2.3 C.S7511E 06 38.42 0.1958BE 0% 0.23709E-~02 C.948E-04 17. 0.21384£~02 1.109
S 1¢8.4 0.1CC74€ CT 38.42 0.20352€ 04 0.23534E~(2 C.946E-04 17. 0.21245E-02 1.108
1¢ 173.5 C.10398E 07 3¢e.4C 0.21118E 04 0.23366E~(2 (C.950€E~04 17. 0.21111€E~02 1.131
11 178.& C.10721E O7 38.%4 0.21875F 04 C.22552E-(¢2 0.939E-04 18. 0.20982€-02 1.094
12 1E3.&6 0.11044E 07 38.46 0.22620E 04 C.23127E-02 C.94CE-04 18. 0.20858E=-02 1.109
12 1&7.5 C.11299E 07 38.17 0.23171F C4 0.21245€6-02 Q0.870E-04% 18. 0.20766E~02 1.023
14 10,1 O0.114S7F C7 38.10 0.23520E€ 04 0,20¢85E-:2 C.896E-04 184 0.207C5E~02 0.999
£ 162.7 G.116235 0T 28.10 0.23873E 04 0.21563E-12 0.,903£-04 18. 0.20046E~02" 1.046
1€ 16%.4 CL,117GCE O7 38.29 0.264220F 04 C.2CC3C0E~(2 0.B863E~04 le. 0.20587€-02 0.973
17 1%8.0 O.11656E 07 38.29 0.24554E 04 0.20575F=-(2 0.874E~04 18. 0.20529E~02 1.002
18 2CC.6 Q.12124E 07 38.29 0.,24899E 04 0.20375E-02 C.B69E~04 18« 0.20472E~02 0.995 |
16 2C3.2 0.12251F 07 38.29 0.25233E 04 0.19648E~(2 0.831E~-04 18. 0.20416E~02 0.962
2C 2Ct.8 C.12457E 07 38.26 0.25566E 04 0.,20267E-02 Q.858E~04 18. 0.20361E-02 0.996
21 208.5 0.12¢24E 07 384.30 0.259C1E 04 0.16512E-02 0.844E-04 18. 0.20307€=02 0.981
22 211.1 0.1275CE OT 3e.29 0.26234E 04 0.20066E=02 Q.Bb2E~D% 18. 0.20254E-02 0.991
23 213.7 0.126576 07 38.25 0.26573E C4 C.20560E-02 C.877E-04 18« 0.20202€=-02 1.018
24 21¢.3 0.13124F 07 38.27 0.269C3E C4 0.19723€~(12 C.B54E-04% 18. 0.20150€~02 0.979
¢ 21&.5 0.13¢S1lE 07 38.24 0.27239E O+ 0.15962E-02 0.870E-04 18. 0.20099E-02 0.993
2¢ 221.6 0.1345E 07 38.15 Ce.27568E 04 0.194376=-02 0.827€-04 18. 0.20049E-02 0.969
21 224.2 0.13¢24F OT 3E.38 0.,27859€ 04 0.20¢53E-02 0.874E~04 18. €.20000E~02 1.013
28 226.8 0.13751E 07 38.48 0.28239E 04 0.20535E-062 C.880E-04 18, 0.19951€E-02 1.029
26 22S5.4 0.13557€ OT 38.20 0.28574E 04 0.19645E-02 C.B20E-C4 18, 0.19904E~02 0.987
3C 222.0 0.14124E 07 38.53 0.28901E 04 0.165%06F=-02 0.862E-04 184 0.14856€-02 0.990
31 234.6 0,14299F OT 38.51 0.29232E 04 0.20001E~-12 C.BuL1E-0D4 i8. 0.19810£-02 1.010
22 237.3 C.)l4458% 07 3B.42 C.29559€ 04 0.19280€~02 0.838E~04 18. 0.19764€-02 0.976
33 239.9 0.14025% 07 328.40 0.294881E 04 0.19329E~C2 Q.844E-04 18, 0.19718E~02 €.980
34 242.%5 C.14752E 07 38.13 0.30207 04 0.19321E-02 C.RB30E~04 18. 0.19674€~02 1.007

c4%.1 0.14¢58% 0T 38.32 0.30533E 04 0.16851E~C2 0.BT70E-04 184 0.19630E~02 1.011
247.8 C.15125E 07 38.32 C.30844E 04 0.16824E-02 C.887€-04 184 0.19586E~-02 0.859

w W
™o
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RUN 080977=] **# DISCRETIE HOLE RIG **4 NAS=3=14336

Taces 23.CH
Rh(= 1,184
(p= 1C13,

#4+4180C HSL

FL2Y >
1 127.8
¢ 132.8
3 137.9
4 143,0
¢ 1l4e.l
€ 153.2
T 1%e.2
E 1¢&3.2
§ 1¢tE.a

1€ 173.5
11 178.¢
12 1e3.6
13 1e7.5
14 1sC.1
15 192.7
1¢ 155.4
17 168.0
18 220.6
16 «eC2.
2C 205%.8
el 2(E.5
22 211.1
2 212.7
24 21¢&.1
¢ Z1E&.S
2¢ 221.6
21 224.2
28 22¢.8
2¢  229.4
c 232.C
21 234.6
32 2317.3
1 235.9
34 242.5
3¢ 245.1
36 247.8

CEG C UINF= 9.83 M/S
KG/M3 VISC= 0.,15334E=04 M2/5
JZKGK PR= 0.716

F=Cob P/D=5

REX
C.75455€ 06
0.78713€ 06
0.E1G71E C6b
0.£5229€ 06
C.H8487E 06
C.G1744F 06
C.S5CC2E Co
C.S32¢0E 06
C.10152¢€ C€7
0.10470F C7
C.106C3E 07
C.l1125E 07
C.11377€ 07
C.11545%F 07
0.117128 Q7
0.1188te 07
C.12C20E 07
0.12217€ 07
C.123€E5F 07
0,12553€ 07
C.12721€ 07
0.128¢L9E 07
C.13C5¢E C7
0.13225€ C7
C.13364€ 07
C.13561E 07
C.13729¢ 07
0.13657¢ 07
C.14CL5%E 07
C.14232€ 07
C.144COE 07
O 14569E 07
C.14737E O7
0.14GC5E 07
C.15C73E 07
0.15241€ 01

TH=0 w/VCF(OPTIMUM)eee

10
38.55
38.51
38,49
38.48
38.46
3E.42
38,42
38.48
38.59
38.59
38.57
36.59
38.23
38.27
38.27
38.55
38.59
33.:59
38.51
36.59
38.57
38.59
38.48
3a.51
38.59
38.38
38465
38.74
38.55
18.84
38.82
38.¢5
38.65
38.38
38.59
38.55

LNCERTAINTY IN REX= T673.

REENTH
0.14107E
0.14872E
0.16650E
0.184CSE
0.20141E
0.21861E
0.23527€E
0.25255€
0.,269CaE
0.28530bE
C.30065F
0.31700¢
0.33101F
0.33459E
C.33807F
Ca34144E
0.344617E
0.34790E
0.35108¢k
0.35427E
0.357406¢E
0.36063E
0.36390F
0.36714E
C.37035E
0.37355E
0.37680F
0.38020¢E
0,383506E
0.3u660E
0.39008F
C.39338E
0.39663E
C.39990E
0.40324F
C.40636E

04
04
04
04
04
04

TINFa 22.97 DEG C

XYQ= 10.1 CH
STANTON NO osvY
0.24316€E~02 0.859E=04
C.22651E~0 0.B843E~04
0.25445E=02 0.874E=04
0.25519E-C2 Co.876F=04
0.24620E=C2 0.B867E-04
0.241726-02 O0.870E-04
0.22704E~C C.B4BE-04
0.22094E=-07 0.839E-04
0.216G4E-02 0.830E-04
0.213¢0E~0c Q.B27€E~04%
0.209496E~C2 C.824E-0D4
0.20879€=Cc  C.B22E~04
0.22342E~C2 0.876E~04
0.203u4E-02 0.857E-04
0.21151E~C2 0.857€E-04
0.190108C~02 0.802E-04
0.16334E~C2 C.B05E-04
0.19134E~02 0Q.EC2E-04
0.187326-02 0.771E-04
0.19325€~02 C.794E-04
0.1864L0E=02 0.775E=04
0.19CH83E-0z 0.8C4E~04
0.19761€=-02 0Q.818E-04
0.18816E~(2 0.794E-04
0.19384E-C2 C.B2l1E~04
C.1880Ct-02 O0.775E-04
0.15842E-Cc  0.832E-04
0.20644E-02 0.861E-04
0.191341E-C2 0.786E-04
0.19286E=-0c C.B82lE=04
C.16783E-0s 0.828E~04
0.19408E-02 0Q.8C88-04
0.19349E~C2 C.816E-04
0.19564E-C2 C.765E~04
0.20190E-0s O.H54E-04
0.16569E~0¢ 0.B50E~D4

UNCERTAINTY M F=0.05294 IN RATIO

STANTON NUMBER DATA

OREEN

Se

Te
11.
13.
15.
16.
la.
15.
20,
22.
23,
244
24,
244
24,
24.
24,
24
24,
24,
24,
24
24e
24,
24,
24,
24,
244
24
24,
24.
24.
24.
24.
24,
244

0.45
0.40
0.41
0.40
0.39
0.43
0.42
0.40
0.36
0.38
0.38

F

0.0147
0.0131
0.0133
0.0128
0.0127
0.0140
0.0136
0.0130
0.0125
0.0124
0.0122

T2

26.20°
26.36
26,25
26,38
26.29
26.35
26.27
264,40
26.30
26.52
26441

THETA

0.208
0.218
0.211
0.220
0.215
0.219
0.213
0.220
0.213
0.228
0.220

oTH

0.019
0.01¢9
0. 019
0.C19
0.019
0.019
0.01%
0.019
0.019
0.019
0.019
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RUN 02(S77=2 #%+ DISCRETE HOLE RIG #e¢ NAS=I=]14336
TINF=s 24,13 DEG C

TACE= 24,17
FHC= 1,178
CPe 1C14.

#9418CC HEL

FLETE x
1 127.8
132.8
127.9
143.C
148.1
153.2
1e.2
163.3
ice.4
1¢ 173.5
11 178.6
12 1t3.¢
13 147.5
14 1¢C.1
15 152.7
1€ 165,64
17 1%8.0
18 2C€0.6
1¢ 2(2.2
2¢ 2Cs.8
¢l 2ce.5
éil.1
213,17
24 21¢.3
25 218.9
26 221.¢
2442
2E 22¢.8
26 225.4
2¢ 222.C
31 224.6
3z 227.3
32 235.6
242.5
245.1
3¢ 247.8

A Dl 0N

LNCERTAINTY IN REXs

CEG C UIN
KG/M3
J/KGK PR =

V=0, 4 P/D=5

FEX
C.751C9€ 06
0.78352€E 06
C.81565E Co6
C.24626E 06
C.80C81E O6
C.51324E€ 06
C.G45¢GTE
0.57€10% 06
0.101C5E
C.1C430F 07
C.10754F
C.11C78€ 07
0.11225€
N.11442F
0.11€54E C7
0.11827€
0.11654E
0.121¢1E
C.12328E
0.12455€E
0.120€2E
0.12¢2¢F
0.1299¢E
C.13164E
0.1332ZE 07
C.1345GE
0.13¢€6E 07
C.13833€ 07
C.l42C0f O7
C.l41¢7E
0.14334E
0.145C2¢ 07
C.14670€ 07
C.14837€
C. 15CC4E
C.15171F C7

[ ]

THal W/VCF(CPTIMUM)#ux

T0
41 .44
Y
4).42
41,40
41.44
41,44
61,42
41,46
41.46
41.40
41,44
41,46
4C. 83
4C.77
4C. 71
40,77
40,74
40,74
4C.€C
4C.62
4C.55
40.57
4C.38
40.43
4C.49
4C.20
40,07
40.55
40.34
4C.57
40,51
40.41
40.28
4C.11
4C.28
4C,28

7637

9.86 M/S

0.716

REENTH
0.14042€E
0.14759¢
0.,19352¢F
0.24290F
0.28723E
0.32650€
0.3001HE
0.410644E
0.45536E
0.49518F
0.534R1E
0.51521E
0.616433E
0.61616E
0.61798¢E
0.61983E
0.62174E
0.62372E
0.62572F
0.62781E
0.629G3E
0.63207€
0.63436E
0.63670¢
0.63900E
0.64131E
0.64382E
0.64644E
0.64502C
0.65154E
0.65412€E
0.65071E
0.6592 9
0.66192¢€
0.66461E
0.66714F

VISC= 0.15439F=04 M2/5

04
04

STANTON NUMBER DATA

XYOs  10.1 CM
STANTCN NO DsY
0.,23016E~02 0.781E=04
0.21195E-02 Ca762E=04
0.165511E=02 04746E~04
0.15235E-C2 Co70bE=04
0.14614E-02 Q.703E-04
0.12397E~02 0.688E-04
0.10124E~02 O0.677E~04
0.10856€-02 0.677E-04
C.573896=C3 C.672E~04
0.92533€-03 C.669E04
0.86402E~03 O0.665E~04
0.11173E-C2 0.494E-04
0.104)2€-02 0.533E-04
0.11C44E-02 0.532E-04
C.11074E~C2 C.533E-04
0.11305E~02 0.554E~04
O.,11884E=C2 Ce5L4E=04
0.120418-02 0.549E-04
C.12881E-02 0.58lE-04
0.12509E~02 C.56GE=04
0.13J351E-02 0.606E-04
0.14392E=-C2 C.637E~04
0.13542E-02 0.620E~-04
0.14C43F=C2 C.644E-04
0.13480E~02 0.613E-04
0.165495~C2 0.0695E-04
0.15300E-02 C.696E-04
Ce15070E-C2 O0.6719E=04
Cel51/6E~C2 0.£88E-04
0.15273E~C2 C.b6T74E-04
0.15540E-~02 C.086E~-04
C.15853E~02 0.670E~04
0.16342E-02 C.724FE~04
0.139%4E=(2 C.T40E~-04

UNCERTAINTY IN F=0.0529% IN RATIO

DREEN

5¢
12,
21.
26,
30.
33,
37.
40.
43,
45,
48,
50.
Sl.
51.
51.
51.
51.
51.
5le
51.
51.
51,
51.
51.
Sl.
5le
51.
5t.
51.
5.
51.
51.
sl.
Si.
SlI
51.

0.38
0.41
0.37
0.33
0.34
0.39
0.40
0.35
0.35
0.37
0.37

£

0.0123
0.0133
0.0120
0.0106
0.0109
0.0125
0.0128
0.0114
0.Cl14
0.0119
0.0118

T2 THETA

41,24 0.988
41,49 1.004
41.45 1.003
41.42 0,999
41.38 0.957
41.38 0.9%8
4l.s41 0.999
4l.27 0.959
41.16 0.986
40.93 0.971
40.74 0.958

OTH

0.018
0.018
0.018
0.018
0.018
0.018
0.018
0.018
0.018
0.018
0.018
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PUR CECIT7T=] #9e CISCRETE HOLE RIGC 600 NAS=3=14334 STANTON NUMBER DATA
49418CC FSL Me 0,4 P/Ce3 THeO W/VCE(OPTIMUM)SSe

RUR CEC977=2 #¢¢ CISCRETE HOLE RIG *0% NAS=3=14326 STANTON NUMBER DATA
€0018CC HSL M=0, 4 P/D=5 THu]l W/VCELOPTIMUM)S9*®

LTMEAR SUPERFOSITICN IS APPLIEC TO STANTON NUMBER CATA FROM

FLM NUMEBERS 080977-1 AND 0809T7=2 YO ORTAIN STANTCN NUMBER DATA AT T=D AND THsl

PLATE  RFx(CL RE DEL2  ST(TH=0) REXHOT RE DEL2  ST(THs}) ETA STCR

1 154%4¢.3 1410.7 0.002432 751085.0 1404.2 0.002302 UWUUU 1.000
2 TdT12¢.1 1487.8 0.C02304 783515.3 16475.9 0.€02117 0.081 0.938
2 t1sICs. 8 15695 0.C02706 815945.5 1939.9 0.001948 0.280 L1.074
4 852¢8%.95 1658.6 0.002786 848375.8 2632.1 0.001770 0.360 1.087
5 EE4EES.2 1747.6 0.CC2720 8680u06.1 2874.3 0.0015264 0.439 1.083
[] §17444,9 1837,2 0.CC27¢0 913236.3 3267.4 0.001458 0.472 1.121
7 §5CC24.7 1923.8 0.002558 945666, 6 3665.2 0.C01236 0.517 1.059
8 SE2LC4.4 2006.6 0.00:523 978C96.5 4108.8 0.001070 0.576 1.064
9 101%:184.0 2087.8 0.0024%59 1010527.0 45586 0.001077 0.562 1.045
10 10471762.0 2167.9 0.CC2462 1042957.0 4960.1 0.000955 0.612 1.032
11 1CEC242.0 2247.8 0.CN24%1 1015387.0 5361.3 0.000892 0.635 1.064
12 1112%23.0 2327.6 0.C02458 11(7818.0 5775.1 0.0008C6 0.672 1.063
12 1127¢2£3.0 23499.3 0.002572 1132465,0 6180.8 0.001004 0.5886 1.211
14 1154462.0 2430.4 (C.€C2330 11491606.0 6193.0 0.000994 0.573 1.126
15 1171241.0 26470. 4 0.C02421 1165868.0 6215.1 0.001056 C.564 1l.121
16 1ie81cC.0 2508.7 C.C02142 1182650.0 6232.9 0.C01069 0.501 1.070
17 1204<6C.0 2544.8 0.002)161 1199433,0 6251.4 0.001144 C.470 1.050
18 1z211726.C 2580.9 0.€02133 1216135.0 6270.6 0.001154 0.459 1.047
19 12133518.0 2616.2 C.CC2C76 123283640 6290.1 0.001172 0.435 1.056
2€ 125926¢.0 2651.5 ©.CC2128 1249538.0 6310.4 0.001257 C.409 1.049
21 1272(15.0 2686,7 0.€02052 1266239.0 633l.1 0.601222 0.405 1.031
22 12€€e¢%3.0 2721.5 0.002061 128¢941.0 6352.0 0.001276 (.390 1.042
23 129%¢22.0 2757.C 0.002139 1259643.0 6374.3 0.001414 0,339 1,040
26 1322492.0 2792.1 0.CC2041 1316425,0 6397.4 0.C01329 0.349 1.035
é% 1326252.0 2826.9 0.002100 1333208.0 6420.1 0.,001379 0.343 1,052
26 135612(.0 2861.7 C€.C02041 1349909.0 6442,6 0.001323 0.352 1.050
47 12125C5.0 2856.3 C€.C02084 1366611.0 6467.4 0.001639 0.213 1.029
28 1396¢81.0 2932.5 0.002224 1383313.0 6463.7 0.C0151t 0.321 1.083
29 legesce.C 2968.5 0.C02065 1400014.0 6518.8 0.C01481 ©0.283 1.051
IC  142324%.0 3003.1 0.002056 1416716.0 06543.6 0.001487 0.277 1.046
31 14a4cc23.0 3038.C 0.€C2101 1433417.0 6569.0 0.001558 0,258 1.050
32 14%te8l.0 3073.0 ©0.0C2066 1450200,0 65%4.7 0.C01508 0.270 1.072
33 147374300 3107.6 0.002050 1466983.0 6620,1 0.C01536 0,250 1,061
14 14%C%22.0 3Jl142.2 0,002089 14B83644.0 664501 0.001568 0,262 1,044
35 15071300.0 3177.5 0.002135 1500386.0 6672.7 0.00l016 0,243 }.076
36 1524075.0 3210.5 0.C01788 1517C87.0 6697.7 0.00138%1 0.228 1.083

STANTCA AUMBER RATIO BASED CN EXPERIMENTAL FLAY PLATE VALUE AT SAME X LOCATION

SYANTON AUFBER RATIO FOR THal [S CONVERTED TO CONPARASLE TRANSPIRATION VALUE
CSIAG 210G o B)/B EXPRESSION IN THE BLOWN SECTION

F=COL

«0000
« 0147
0.0131
0.0133
0.0128
0.0127
0.0140
0.0136
0. 0130
0.012%
0.012¢4
0.0122

STHR

1.000
0.862
0.773
0.696
0.607
0.592
0.511
0.451
0.458
0.400
0.389
0.348
0.57
0.480
0.489
0.534
0.556
0.566
0.597
0.620
0.613
0.636
0.688
0.674
0.651
0.680
0.809
0.736
0.1754
0.1756
0.7719
0,782
0« 795
0.791
0.814
0.021

F~HOY

0.0000
0.0123
0.0133
0.0120
0.0106
0.0109
0.0125
0.0128
0.0114
0.0114
0.0119
0.0118

Loce

1.000
2.609
2.560
2.299
2.040
2.073
24151
2,106
1.974
1.871
1.948
1.858



£CT

RUN OOCTT77~1 e¢eée DISCRETE HOLE RIG #9% NAS=3=14336

TINFa 24,99 DEG C
Xy0=  10.1 CM

1aC8= 25,04

FuCs  1.178
CPe 1cia.

#s218CC hSL

FLITE X
1 127.8
¢ 132.8
3 137.9
4 143.0
5 1l4d.1
¢ £2.2
T 13e.2
€ 163.3
S 1¢g.4

1€ 1723.5
11 178.¢
12 182.¢
13 187.5
14 1¢C.1
15 192.7
1€ 155.4
17 158.0
1€ 2(C.6
1€ 2C3.2
2C 2C5.8
el 2CE.S5
22 cilt.l
21 213.17
24 21¢.2

S 21&.5
26 221.6
21 4.2
ZE 22¢.B
29 229.4
C 222.C
31 22446
32 237.3
22 235.5

34 242.5
£ 24%.1

3¢ 247.8

UINF=
VISC= 0,15499E=04 M2/S

PRw

06
06
co6
06
06

10
37.33
37.29
‘31.45
37.43
37.37
37.28
37.49
37.51
37.51
37.35
37.29
37.217
3¢.93
36450
36.90
37.24
37.24
37.28
37.33
37.43
37.239
37.49
37.39
37.45
37.56
37.33
37.60
37.171
37.51
37.703
37.71
37.58
37.56
37.31
37.45
37445

LACERT 2INTY IN REX= 7610,

9.86 M/S

0.715

REENTH
0.13992€
0.14791€
0.1676CE
0.18886E
0.20969€
0.23144E
0.25208E
0.27261F
0.29217€
C.31218E
0.32689E
0,34753F
0.36535E
0.37013E
0.3746G1E
0.37952E
0.38389E
0.38827E
0.39248E
0.35650E
0.40074E
0.40464E
0.40892¢
0.41291E
0.41684E
0.42071€
0.42460€E
0.42854F
0.43242E
0.43627E
0.44017¢
C.44408E
0.447S3E
0.4517GE
0.45574E
0.459406EF

#eCe90 P/D=5 TH=0 w/VCF(OPTIMUM)#es

04
04
04
04
04
Cé4
04
04
04
04

STANTCN NO
0.25384E=02
0.24032E=02
0.30157€=02
0.31426E=02
0.21123E=C2
0.32061E~02
0.29255E=02
D.20€47E~-02
0.26518E~02
0.28590£=02
0.27581€=(2
0.281556-02
0.29519€6=C2
0.27960E=02
0425356E=C2
0.25940E=02
0.26590€=02
0.25959F=C2
0.24522E=02
0.24/94E=C2
0.25040E-02
0.241656=C2
0.24d25E=C2
0.23340E=C2
0.23550E-C2
0.22597€=02
0.2366GE=C2
0.23644E-02
C.22525F=C2
0.23206E=-02
0.23670E~C2
0.23189F~C2
0.23071E-02
0.233116-C2
0.24114€=02
0.204508~C2

STANTON NUMBER DATA

osY
0.105E-03
0.103E=-03
0.109€E=03
0.111E-03
C.111€-03
0.113E-03
0.108€-023
0.107€-03
0.105E=-013
0.1CuE-03
0.107E=-03
0. l108E~03
CalinE~03
0.117€~03
0.118E~-03
0.1C9E~03
0.110€~03
0.1C8E=-03
0.102E-03
0.103E=-03
0.103€-03
C.103€-03
C.1C3E-03
0.992E-04
0.101€-03
C.959E~C4
0.101E~03
C.101€E-03
C.949E~04
0.998E~04
0.100E-03
C.SB4E-04
0.987E~04
0.960E~04
0.104E~03
0.1046-03

UNCERTAINTY IN F=0.C5294 IN RATIO

OREEN

S.

14,
23.
29,
34.
38,
42,
‘S-
4G
52,
5‘.
57.
59.
55.
59.
59.
59.
59.
59.
59.
59.
59
59.
55.
59.
59.
59,
59.
59,
59,
59
59.
5Ge
59%.
56.
59,

0.98
0.9%
0.93
0.93
0.92
0.93
0.91
009‘
0.92
0.94
0.93

0.0302 26.35

oTH

0.023
0.024
0.024
0.025
0.025
0.024
0.024
0.024
0.025
0.025
0.025



A

RUN 080777=2 e#+ DISCRETE POLE RIG *¢% NAS=)~14336

TACB= 24,22
FHC= 13179
(p= icla.

ee+18CC FSL

PLATE X
1 127.8
2 132.8
2 137.9
4 143.C
€ l4E.d
6 153.2
7 1%8.2
€ 1¢3.2
S lo8.4

1T 173.¢%
11 178.¢
12 1§3.¢

2 1€71.5
14 16C.l
1% 192,17
16 195.4
17 1¢€.¢C
1€ 2C0.6
1§ 2C3.2
2C z0%.8
¢l ZCE.S
2¢ 211.1
22 213.1
24 21&.3
s 21¢€.6
et ccl.é
271 224.2
28 22¢.8
25 225.4
At 222.C
21 234,¢
32 237.3
32 213¢.§
34 242.5
3E 245.1
3¢ 247.8

DEG C
KG/M3
J/KGK

MxC.90 P/DsS YHa]l W/VCF(OPTIMUM)® e

REX
0.749(5€
0.768139€
0.81373€
0.846C7F
C.A7842E
0.9107¢E
C.S5431CE
0.STS44E
0.10C78E
C.1C4ClE
0.10725E
Co11L48E
0.11244E
0+s11460F
O.11627F
0.11794€
C.11662¢€
0.12128F
Cel2265F
0.124€1€
Ce12628E
C.121765E
0. 124¢1F
C.13126E
Cel3¢SLE
Cel3402E
0.136¢9F
C.13176¢E
C.13G¢€2E
Ca.l4123E
C.14265E
Oel4462F
Cal4at3UF
C.14161¢
Ga14G63F
0.1913CE

UINF=

VISCa
PP =

06
06

T0
39,65
35.58
39.54
39.¢8
39.86%
36.62
3G6.¢5
39,177
39.79
39.84
3G.E4
36.92
39.1¢6
29.C6
36.C6
36.25
39.25
39.25
36.2¢C
39.24%
39.1¢%
39,14
36.C3
39.01
39.10
38.89
39.006
3G6.14
38.45
35.12
39.06
3€.65
38.85
38.65
38.76
38.76

LUNCERTAINTY IN REX= 7617

S.86 M/S
0.15479E=04 M2/S

0.715

REENTH
0.14004E
Ca14773F
0.25176E
C.35096€E
0.448B065E
0.54525F
C.64232E
0.73964E
0.83202E
0.52598E
0.1G174E
0.11084€E
0.11969€E
0.11995E
0.12020E
0.12045E
0.12070€
0.12095¢E
0.12120E
0.12145E
0.12171E
0.12167E
0.12225E
0.12252F
0.12280E
0.12307¢€
0.12336€
0.123¢6€E
C.123306E
C.12425E
0.12456E
C.12487E
0.12518¢
C.12545E
0.12582¢
0.12613E

04
G4
C4

STANTON NUMBER DAYA

TINFr 24,78 DEG C

XYQOs= 10.1 CM
STANTON NO osST
0.24136E=02 0.890E~04
0.23334¢=-02 0.886E-04
0.25423E=-02 C.910E=04
0.25084E-02 0.9C4E~04
0.23683E=02 0.556E=04
0.235296=02 0.886E-04
0.192886=02 0.843E-04
0.16190£~02 C.B12E~04
0.15653£~02 C.BCTE~0%
0.15126E-02 0.800E-04
0.14611E6~C2 0.797E-04
0.13777¢-02 C.787E-04
0.16C52E-02 C.665E-04
0.14383F-02 G.CSBE-04
0.15721E~02 0.699F-04
0.144005~C2 CebbBE~04
0.14960€~02 0,6B0E-04
0.15070E-C2 0.€8BE-04
0.141343E=02 0.663E-04
0.15546E~C2 C.690E-04
0.15562E-02 C.6SLE~04
0.16C03E~C2 0.T722E-04
0.167236-02 C.741E-04
0.16377E=C2 0.734E-04
0.16693F=02 C.754E-04
0.16476E=C2 0.724E-04
C.17679E=-02 0.779E-04
0.18259€-02 0.802E~0D4
0.174316~C2 0. 748E=-06
0.180586=C2 0,801E-04
0.188326-02 0.815E-04
0.18459€-C2 0.801E-04
0.18744E=C2 0.81¢E-04
0.189426-C2 C.75UE-04
0.19848L-02 0.b66LE-04
0.17192E-02 O0.B8Y1E-04

UNCERTAINTY IN F=0.05294 IN RATIQ

OREEN
S5e
28.
47.
60.
7C.
79.
87.
94,
101.
107.
112,
118.
120.
12C.
120.
120.
12¢C.
120.
12C.
120.
120,
12C.
120.
120.
120.
120.
120.
120.
120.
120.
12C.
120.
12Ce.
120.
120.
120.

0.93
0.87
0.86
o.ab
0.87
0.89
0.85
0.88
o. 86
0.87
0.86

(3

0.0301
0.0283
0.0279
0.0278
0.0280
0.0289
0.0276
0.0284
0.0278
0.C282
0.0280

T2

39.41
39.47
39.52
39.49
39.54
39.36
39.42
36.31
39.27
39.06
38.98

THETA

0.989
0.995
0.996
0.989
0.995
0.980
0.977
0.968
0.962
0.948
0.938

oTH

0.021
0.021
0.021
0.021
0.021
0.021
0.021
0.021
0.020
0.020
0.020




1A

RUM OBCTT77=1 #9& CISCARETYE KOLE RIGC #9¢ NAS=3=14336 STANTON MIMBER DATA
00¢18CC HSL M=Co90 P/D=S THaC W/VCFLOPTIMUM) Sow
RUA CECT77=2 o¢e CISCRETE FOLE RIG &0 NAS-1-1433% STANTON NUMBER DATA
#900180C FSL MuCeSC P/0=5 Thal W/VCFIOPTIMUN) S0

LINEAR SUPFRPOSTTICN 1S APPLIED TO STANTON NUMBER CATA FROM .
BULN MUMEEPS 0807177-1 AND 080777-2 10 OBTAIN STANYON NUMBER DAYA AT THs0 AND THal

PLATE REXCCL RE DEL2 ST(TH=0) REXHOT RE DEL2  STiTH=}1) ETA STCR

1 T4€611.3 1399.2 0.002538 749045,6 1400.4 0.002414 UULVUU 1,000
2 T78072¢.1 1479.2 C.CC2411 781388.8 1477.3 0.002339 0,030 0.982
k) 213r4(,.9 1567.8 0.€03075 813731.,1 252842 0.002538 0.175 1.221
4 845255,.8 1665.6 C€.(C3223 846073.3 3524.6 0.002505 0.223 1.267
5 28717¢7(.6 1773.5 0.€03209 878415.6 4500.6 0.C02362 C.264 1,278
[) 69585, 4 1879.C 0.003318 $10757.86 5480.3 0.002345 04293 1.347
7 942300.3 1982,0 C€,CC2054 94313041 645542 0001915 00373 1.2¢4
g $74¢15.1 20€0.2 0.C03C27 975442.3 T7446.0 0.,001588 OC.475 1,277
9 10C6529.0 2175.C 0.002838 1007784.0 8389.6 0.001529 0.461 1.206
1€ 1C26:44.0 2269.1 0.0C2590 1040126.0 9356.9 0.001459 0.512 1.253
1 1071255,0 23¢4,2 0,002890 1972409.0 10302.9 0.001394 0.518 1.259
12 1103274,0 24¢0.6 C.CC3CH1 1104811.0 11258.0 0.€01275 0.586 1.332
13 1128633.C 2536.5% €.C03137 1129391.0 12196.3 0.001514 0.517 1.476
14 1145175,.0 25487,5 C.CC2976 1146047.0 12220.6 0.C01398 0.530 1.439
15 11e1711.0 2638.3 C€.CC3123 1162704.0 12244.6 0.001478 C€.527 1.446
16 117844C.0 2681.,2 0.002752 1179441.0 1226843 0.C01361 0.506 1.374
1T 116%1€2.0 2733.6 0.C02819 1196178.0 12291.4 0.C01416 0.490 1.370
18 1211€Ct.C 2780.0 0,002745 1212834.0 12315.2 0.001433 0.478 1.347
1§ 122€447.C 26824.4 C.C02585 1229490.0 12338.9 0.001418 0.452 1.316
2C 1245€6C.0 2867.6 0.C02¢N6 1246146.0 12363.2 0.001451 0.428 1,285
21 lzer11722.0 2911.3 C.C02634 1262893.0 12388.1 0.C01491 O0.434 1,323
&2 121t2714.0 295443 0.002529 12719459.0 12413.4 0.001544 0.389 1.260
23 129%51¢.9 2997.0 0.002594¢ 1296115.0 12439.7 0.,001617 0.377 1.2€62
24 131172365,0 3038.8 0.002430 1312852.0 12466.5 0.C01590 0.346 1.232
25 12284¢2.0 3C79.5 0,002449 1329589.C 12493.2 0.C001622 0.338 l.227
26 13451C4.0 3119.8 0.CC2389 1340246.0 12520.1 0.C01603 0.329 1.229
21 13¢e14e.0 3160.1 0.,002449 1362902.0 12547.9 0.001727 0.295 1.209
28 137828b.0 320C.8 C.CC2438 1379558.0 12577.2 0.001789 0Q.266 1.187
2% 1365(31),0 3240.5 C.CC2368 1396215.0 12606.4 0.001706 0.280 1.2C5
20 1811e72.0 3260.5 C.C02391 1412871.0 1263%.3 0.CCI1770 C.260 1.217
31 142821%.0 3320.7 C.C02433 1429527.0 12665.5 0.0016850 C.240 1.217
32 146503800 3360.8 0.002385 )646264.0 12696.0 0.0016803 0.244 1.237
33 1461701.0 3400.4 0.C02367 1463001.0 127264 0.COLB45 0.221 1.224
34 JATE4C2.0 3440.1 0.C02391 1479658.0 12757.3 0.001864 0.220 1.206
35 1495045.0 3480.6 Q.CCR4TD 1496314.0 12789.2 0.001955 0,208 1l.244
3¢ 1511e87.0 3518.6 0.C02094 1512970.0 1281946 0.001697 0.190 1.245

STINTON AUMBER AATIO BASED CN EXPERIMENTAL FLAT PLATE VALUE AT SANE X LOCATION

STANTCA MUPBER RATIO FOR TH=l 1S CONVERTED TO COMPARABLE TRANSPIRATION VALUE
USTKG ALCGLL & B)/B EXPRESSICN TN THE BLOWN SECTION

fF=COL

0.0000
0.0316
0.0305
0.0302
0.0301
0. 0299
0.0302
0.0295
0.0303
0.0299
0.0303
0.0302

STHR

1,000
0.953
1.008
0.985
0,941}
0.952
0.793
0.670
0.650
0.611
0.607
0.551
0.713
0.676
0.685
0.679
0.488
0.703
0.722
0.1735
0. 749
0.770
0.786
0.6806
0.813
0.0825
0.852
0.871
0.868
0.901
0.925
0.935
0.954
0.541
0.985
1.008

FeNOT

0.0000
0.0301
0.0283
0.02719
0.0278
0.0280
0.0289
0.0276
0.0284
0.0278
0.0282
0.0280

LoGe

1.000
4,658
4.497
4.397
4,344
4o062
4.303

'4.000

4.059
3. 088
4.021
3.8862



921

RUN 080877=]1 *=2+ QISCRETE HOLE RIG #8% NAS=3-14336

Tace= 21.7¢
FHC=s  1.161
CPs= 1C1l.

#4¢180C FSL

CEC C
KG/M3
J/KGK

M=1,25 P/0=5 TH=(0 W/ VCF(OPTIMUM)®es

PLLTE X RE x
1 127.8 0.75838E
¢ 1322.8 C.79113E
2 137.9 0.82387€
& 142.0 0.B5t¢€2E
5 148.1 0,£8%36F
¢ 152.2 C.S62211E
T 1LE.2 C.S54K06E
€ 1¢3.3 C.cB87¢CE
S 1€8.,4 0,102C3€
1€ 172.5 O0.10¢31¢€
11 178.¢ C.1CBHS8E
12 183.€ O0.11186F
12 1£7.5 C.l11425€
14 16C.1 0.11é€C3E
15 162.7 0.1l1772F
1¢ 165.4 0.11941€
17 198.0 0.12111€E
18 2CC.6 C.12280E
16 2C3.2 O0.12448E
2C 2C5.8 0.12617¢
21 208.5 0.12176S€
22 211.1 0.12954E
3 213.7 C.13123E
24 216.3 0.13292E
25 218.9 0.134¢2E
26 221.6 0.1363CE
21 224.2 C.137S9E
28 2726.8 C.13968F
2€  226.4 0.14126F
3C 232.0 Q.143CHE
31 224.€6 0.14473€
3¢ 221.3 C.l4643E
32 235.5 C.1481cE
34 242.5 OC.14SFEIE
3¢ 245.1 0.151%0F
3¢ 247.8 0.15318C
LNCERTAINTY

UINF=

9.80 M/S

VISC= 0,15209€=06 M2/S

PR=

06
06
06
cé6
06
06
o1

10
35,43
35.35
35.49
35.47
35449
35.47
35.52
35.45
35.41
35.45
35.47
35.45
34465
34.95
34,67
35.43
35.45
35.52
35.&2
35.68
35.68
35.13
35.68
35.71
35.85
35.64
35.92
36.02
35.79
36.C4
35.98
35.8¢%
35.81
35.52
35.68
35.¢8

IN REX= 7712

0.715

REENTH
0.14179€
0.15004E
0.1736bE
C.20014E
0.22674E
0.25427€
0.28121E
C.30783€E
0.33365¢E
0.36022E
0.386464E
O.41124E
C.43468E
C.44000E
C.44523E
C.45C22E
0.45491E
0.45955¢€
0.46395E
C.46825E
0.472517€
0.47681€
0.48101E
0.48513€
0.48914F
0.49308F
0.49701E
0.500G8¢E
0.50489E
0.50877E

‘0.51271E

C.51666E
0.52057¢
0.52450¢E
0.52850F
0.53226¢

04
04
04
0%
04
04
04
04
04
04
Cae
04
04
04

STANTON NUMBER DATA

TINFe 21,72 DEG C

XY0s  10.1 CM
STANTON NO (1.3 4
0.25090E=C2 0.957E=04
0.25311E~02 0.963E=-04
0.300776-02 C.101E~03
0.32845€=-02 0.105E=-03
0.33284FE-C2 (0.105E~03
0.35464E-02 C.1C8€-03
C.31774E-C2 C.103E~-C3
0.31561E-02 0.1C4E-03
0.32120E-C2 C.104E-03
0.312850€~C2 0.1C5£-03
0.30123€-02 C.101€E-03
Ce31652E~02 0.104E~03
0.32659E~C2 0.124E-03
0.3C2060E-C2 0.122E-03
0.31669E~C2 (0.123E~03
0.27476E~02 O0.112E-C3
C.2BC34E~C2 041128-03
0.26528F~02 0.108E-03
0.25243E-C2 O0.101E~03
0.25642E~02 C.1C3E~03
0.25534C-02 0.102E=03
0.2477vE-C2 Q. 10kE-03
Q.24949€-02 O0.101£-03
C.23849€-C2 C.975E-04
0.230697E-02 (€.984E-04
0.229349E~C2 0.926E~04
0.2357%6-C2 C.973E-04
C.22450E~02 0.972E-04
0.225156-C2 C.919E-04
Ce22382E~02 C.S560E~04
0.23700E-C2 C.S71E~0%
0.2309)0E~C2 C.94%E-04
06232C7TE~02 0.960E~04
0.23378E-C2 C.S37E-04
C.24G5%F-C2 ¢C.100E-03
0.20381E-C2 0.101E-03

UNCERTAINTY IN F=0.05294 IN RATIO

DREEN

S5e
16,
27.
34,
41.
46.
52.
56,
6Ce
64,
68,
.
73.
73.
13.
13.
13,
73,
13,
T3.
13.
73.
13.
13.
73.
13.
713.
13.
13.
73.
73.
13.
13.
13.
13,
73,

1.21
1.26
1.28
1.25
1.29
l1.28
1.27
1.27
1.24
ll21
1.25

£

0.0390
0.0408
0.0413
0. 0406
0.0419
0.0415
0.0412
0.0411
0.0402
0.0411
0. 0405

T2 THETA

23.27
23.38
23,32
23.40
23.31
23.36
23.28
23.34
23.19
23.39
23.32

0.114
0.121
0.117
0.122
0.116
0.119
O0.114
0.118
0.107
0.122
0.117

OTH

0.022
0.022
0.022
0.022
0.022
0.022
0.022
0.022
0.022
0.022
0.022



LTt

RUN 080877=2 #é¢ QISCRETE HOLE RIG *x%® NAS=3=14336
TINF= 24,74 DEG C

Tate= 24,75
fnCs 1,178
(P» 1C12.

#4#1600 HSL

FLLTE b
t 127.8
2 132.8
2 137.9
4 143.0
5 lab.l
¢ 123.2
T 1%8.2
2 163.3
G 1.4

1C 173.5
11 178.¢
12 183,6
12 1&7.5
14 160.1
15 192.7
1e 1c€.4
17 168.C
1€ 2(C.é6
16 202.2
2C 205.8
21 2(C€.5
22 211.1
22 212.1
24 21¢&,1
¢t 21¢€.9
2¢  221.6
21 22442
28 22¢t.8
25 €25.4
¢ 222.¢C
21 224.¢
3¢ 227.3
31 235.9
34 242.5
AT 248,1
36 241.8

DEG C
KG/M3
J/XGK

Mx1,25 P/0=5 TH=] W/ VCFIOPT IMUN)een

RE X
0.74623€
C.78158E
0.81363F
0. E4628E
0.87H63E
C.S1CSBE
0.54333E
0.574568E
C.10CHOE
0.104C4E
0.13727¢
0.110¢1E
0.112517E
0.11463€
0.11630€
C.117SIE
0.115¢5E
0.12131F
0.122¢8E
0.124¢65E
C.12631E
0.127S8E
0.125¢&4€E
0.13132¢
C. 13259€
C.134E6E
C.13622€
0.13759E
0.13S¢€6E
C.14132F
C.14255E
0.1446LE
0.14634E
0.14800€
Caléb67F
0.15123F

UINF=
VISC» 0.15482E=04 M2/S§

PR=

ceé

T0
38.51
38455
38.51
38.53
38.48
3e.51
38.57
38.55
38.¢7
38.170
38.170
38.57
37.62
37.51
37.52
37.71
37.¢6
37.68
37.64
37.17¢C
37.66
37.66
37.58
37.60
37.¢8
37.51
37.68
37.171
37.54
37.170
37.66
37.54
37.51
37.20
37.41
31.‘1

LACERTAINTY IN REX= 7618.

9.86 M/S

0.716

REENTH
0.14004E
0.14827E
0.27724E
0.37877¢
0.51094E
C.b64245E
0.77T46E
0,909C3¢
0.10405E
0.11688E
0.126951E
Cel4215E
0.15455¢
0.15480¢t
0.15504E
0.15528¢E
0.15551€E
0.15574E
0.155G67E
0.15620E
0.15643F
0.156617¢E
0.15692E
0.15716E
Cel5740¢t
0.15765E
0.15790¢t
0.15616E
0.15842E
0.15868E
0.15895E
0.15922F
0.159%0¢
0.15978E
G.160C7E
0.16034E

STANTON NUMBER DATA

XYQ= 10.1 CM
STANTON NO 0sST
0.24362E~02 0.949E=04
0.26273E=C2 C.96T7E~04
0.23141E=02 G0.936E~04
0.277178€E=-02 0.985E=04
0.27716E-C2 0.987E-04
0.25609E-02 Q.962E=-04
0.21239E~-C2 C.915E=D4
0.193176=-C2 0.658E=-04
0.17791€E-02 0.879t-04
0.176106~-C2 0.870F~04
0«15840E-02 C.B862E~04
0.1¢61C2E~-C2 C.871E~04
0.15372E-02 C.654E~C4
D 14167E-02 0.T08E-C4&
0.14846E~02 C.69G5E~04
0.13324E-02 0.665E~04
CelaCYbE-02 C.67LE-04
0.13193€-02 0.677E-04
D.13648E-02 0.652E-04
0,14055E~02 C.b67E-04
0.142420-02 0.6755-04
0.142326~C2 C.6%4E-04
0.14875E~C2 C.710t-04
0.14250E-C2 C.65GE-04
0.14642E~-02 C.T14E-04
0.148CCE-C2 0.693E-04
0.15320E~02 C.T31E~04
0.15870€-02 0.748E-04
0.1543G6E-C2 C.710E-04
0.153870E-C2 C.756E~-04
C.16€21FE-C2 C.769E~-04
0.16215E-C2 O0C.T6CE-D4
C.16643E~C2 C.772E~04
0.16637E~C2 C.T758E--04
0.17580E-02 0.820E-04
0.14555E~C2 0.830E~04

UMCERTAINTY IN F=0.05294 IN RATIO

OREEN
Se
35.
57.
13.
89,
102,
114,
125,
135,
144,
152,
160,
164,
164,
164.
l164.
164.
164,
1¢s,
164,
164,
164,
164,
164.
lo4,
164,
164,
lb‘.
164,
164,
1¢4,
164,
1t4.
164,
1¢e4,
164,

M €

1.14 0.,0269
1.19 0.0384
1.16 0.0374
le15 0.0373
1.20 0.0387
1.20 0.0347
1.19 0.038¢
1.20 0.0387
l1.18 0.0382
1.20 0.0309
1.19 0.0385

Y2

38.73
35.10
38,77
38.74
38.76
38.55
38.62
38.38
38.38
38.22
38.03

THETA

1.013
0.752
1.017
1.020
1.018
0.998
1.005
0.980
0.977
0.565
0.961

OTH

0.023
0.022
0.023
0.023
0.022
0.022
0.023
0.022
0.022
0.022
0.022



871

RUA QC08TT7=% 904 OISCPETE HOLE R1G #9¢ NAS~3-14336

00018CC HSL Me1,25 P/DaS TH=0 W/ VCFIOPTINMUN)#9e

RUM 08C877=2 eos CISCRETE hOLE RIG'es® NAS~3=14336

€04 1800 HSL P=1.25 P/DaS TH=]l W/VCFIOPT IRUN)eee

STANTON NUMBER DATA

STANTON NUMBER CATA

LINEAR SUPFRPOSITICN 1S APPLIEC TO STANTGON NUKBER OATA FROM
RUM ANUPEERS CB08T7~1 AND 080877=-2-TD OBTAIN STANTON NUMBER DATA AT Th=0 AND THa}

PLSBTE REXCCL

T5E3€2.8
15112841
823e12,5
8Lcele.9
EES2L4.)
922109.6
SShESS,

S87¢CC.4
1€2C245,0
1€ 10:22¢sl.0
11 1C85e3¢.0
12 111es81.C
12 11434t8.0
14 11¢€232.0
15 117719¢.0
16 1194141.0
1T 1211(¢€7.0
18 1227551.0
19 124481°%.0
20 1261¢e7¢.0
el 121€c42,C
é2 125%54C¢.0
23 1M2271C.0
24 132921¢.0
25 12461¢t2.0
c6 13e302¢.0
€1 131¢8ES.Q
28 13se193.0
29 1413¢17.0
2¢ 143C431.0
21 1447345.0
32 1464291.0
23 14El23¢.0
14  14581CC.0
35 15146564.0
36 1531€2¢€.0

DB AR WN -

RE DEL2

1417.9
1500.2
159244
1698,.5%
1809.2
1925.1
2036.7
2149.0
2259.8
2372.6
2482.1
259C. 6
2676.2
2733.3
2789.5
2843.1
289).4
2943.C
2990.C
3035.7
30el.e
3126.7
3171.2
3214.7
3257.C
3298.5
3339.7
3381.)
342242
3462.7
3503.8
35 5.C
3585.1
362645
3668.1
3707.1

ST{TH=0)

0.002509
0.€C2519
0.0C3114
0.C03363
0.C023402
C.CCI6T7
C.CC3317
0.0C3362
0.C03402
0.002448
0.CC32C3
0.6C3419
0.0C3%10
0.CC2256
0.003405
C.CC2548
0.003000
6.0c2378
0.002688
0.002728
C.CC2713
0.0020627
0.CC2637
0.0C2520
0.002498
0.C024C9
0.202474
C.CC2452
0.C02397
0.CC2399
0.002417¢
0. €02405
C.002413
0.002429
0.002697
0.002115

REXHQT

749232.1

781583.0

8113933,3

B46283,6

878633.9

910984,2

943334.5

9T5684.8
1008C35.0
1040385.0
1072735.0
1105086.0
1129672.0
1146332.0
1162993.0
1179734,0
1196415,0
1213135.0
12297196.0
1246456.0
1263117.0
1271%717.0
1296438.0
1313179.0
1329929.0
1346580.0
1363241.0
1379901.0
1396562.0
1413222.0
14294883,0
1646624.0
1463365.0
1480025.0
1496686.0
1513346.0

RE DEL2

1400.8

1482,.6

275448

4075.1

537543

666744

7995.2

9313.4
10621.6
11929.4
13219.2
14528.5
15811.9
15835.3
153456.3
158480.7
15602.5
15524.8
15946.8
15669.1
15991.9
16Cle.8
16038.3
16C62.0
16C85.4
16109.3
16133.9
16159.3
16184.9
16210.4
16231.0
16263.9
162%0.9
16318.4
16346.8
16373.5

ST TH=1}

0,002436
0.002626
0.CQ2208
0.c027C2
0.002783
0.002582
0.C02134
0,C01934
0.C0M 7067
0.001723
0.001536
0.001541
0,0014562
0.C01347
0.001412
0.C01271
0.001349
0.,C01323
0.001314
0.001355
0.C01375
0.001377
0.C01444
0.0012387
0.C01425
0.C01445
0.C01496
0.001554
0.001511
0.001556
0.001631
0.001598
0.001636
0.001668
0.00173}
0.001472

ETA

wuuu
LTIy}
0.291
0.197
0.182
0. 298
0.357
0.425
0.481
0.506
0.520
0.549
0.583
0.586
0.585
0.569
0.550
0.540
0.511
0.502
€.493
0,476
0,453
0.449
0.430
0.400
0.395
0.366
0.3170
0.351
0.34C
0.336
0.322
0.314
0.307
0.304

STCR

1.0C0
1.026
1.236
1.322
14355
1.453
1.373
1.418
| PCYT
1.462
1.396
1e4178
1.652
ll 57‘
1.577
1.472
10558
le413
1.368
1.345
1.362
1.309
1.283
1.278
1.251
1.239
1.221
1.194
1.220
1.220
1.235
l.248
1.249
1.225
1.258
1.257

STANTCN MUMBFR RATIO BASED OM EXPERIMENTAL FLAT PLATE VALUE AT SAME X LOCATION

STARTCN AUVMEER RATIO FOR THsl IS CONVERTED TO CCMPARABLE TRANSPIRATION VALUE
USING ALCG(]1 ¢ B)/B EXPRESSION IN THE BLOWN SECTION

F-COL

0.0000
0.0390
040408
0.0413
0.0406
0.0419
0.0415
0.0412
0.0411
0.0402
0.0411
0.0405

STHR

1,000
1.070
0.876
1.062
‘.loq
1.048
0.883
0.01¢
0.1751
0.722
0.669
6.666
0.658
0.651
0.654
0.635
0.656
0.649
0.669
0.668
0. 691
0.686
0.702
0.703
0.714
0.743
0.739
0.757
0.769
0.792
0.816
0.829
0,846
0.840
0.872
0.875

F=HOT

0.0000
0.0369
0.0384
0.0374
0.0373
0.0337
0.0387
0.0386
0.0387
0.0382
0.0339
0.0385

LoGe

1.000
S.544
S.231
5.455
5.567
5.668
5.428
5.350
5.250
3.097
S.186
5.113



6¢CT

FUN 0730771 #%¢ DISCRETE HCLE RIG #¢¢ NAS=3~14336
TINF= 28.84 DEG C

TsCe= 28,88
RH{s 1,158
(Ps 1C13.

#+2180C FSL

PLETE X
1 127.8
2 132.8
2 1371.9
4 142.0
5 l4d.}
€ 152.2
7 158.2
€ le2.2
$ 168.4

1€ 1173.5
11 11€.¢
12 leld.e
12 1€7.5
14 150.1
1€ 162.7
16 16%.4
17 l1¢ge.C
1 2CC.6
1§ 203.2
2¢ 2ce.e

21 218.5

22 21t.1
23 21347
24 21643

& zle.$
26 221.6
21 224.2
28 226.8
26 226.4
Ic 222.0
31 224.6
2z 237.3
33 236.9
34 242.5
35 245.1
3¢ 241.8

0EG C
KG/M3
J/KGK

Ma1,5C P/0s5 TH=0 W/VCF(OPTIMUM)e2e

REX
C. 74043F
0.77240€
0.80437E
0.£3¢34E
0.86821E
C.c0C28¢€
0.9322%
CeCt422E
0.,€6¢16F
C. 10282€E
CelCuCLE
0.10921E
Cotli€4E
0.1]326¢
Cell453E
CollE59%E
Call824E
0.11589EF
0.12154E
C.12318BE
0.12483E
0.12€417E
Qelzbl2E
0.12978E
C.l3143E
0.133CcF
C,134172€
D.13¢27¢E
0.133C2€
N.136¢¢E
0. 141 31F
C.14256E
0.144¢62€
Oa1482¢E
0.14761F
C.145956E

UINF=
VISCa 0.15896F=04 M2/S

PR=

06
06
06
cé
o¢
06
06
co6
6

10
40.00
39';6
40.03
40.01
35.58
39.62
36.86
39,62
40.03
36.62
4C.C1
36.6G4
39.25
36.25
39.25
39.73
36.175
36.81
39.84
39.90
369.6¢C
36,64
39.92
39.64
40.05
36.5C
4C.13
“C.19
4C.03
4C.20
4C.2C
40.09
4C.CS
36.86
36.98
39.98

LACERTZINTY IN PEX= B8760.

10.00 M/S

0.715

REENTH
0.,13843¢
0.14613E
0.10589E
0.18838E
0.21160E
0.230657E
0.26090E
0.28574E
0.30364¢
0.33320E
0.35662E
0.38090¢&
0.40222¢E
0.40760E

C.41276E

0.41753F
C.42186F
0.42608E
C.43007¢
0.43397E
0.43790F
0.4417%E
D.44553€
0.44926E
0.4529CE
0.45640€
0.46000F
0.46351E
0.467TCQE
0.4705GE
0.47411E
0.47764E
0.48112E
0.48453¢F
0.48812E
0.49140F

UNCERTAINTY IN

04
04
04

STANTON NUMBER DATA

XYO= 10.1 CM
STANTCN NC DSY
0.24195E=C2 0,113E=03
C.23981€~(2 0.113E=03
0.30058E=C2 0.119€=03
0.3362%E=-02 0.1236-03
0.35608E=C2 Cu.126E-03
C.379718-02 0.129E-03
0.35540E=-C2 0.127E-03
0.37275E=-(2 0,128E-03
0.32E68E-(2 C.l122E-~03
0.35¢75€6=(2 C.132t-03
C.32388€E=(2 0.122E-03
0.3%9J756-(2 C.126E-03
0.34557€=(2 O0.136E~03
0.301656~-(2 Cs131E-03
0.31759€~-02 C€.130E-03
C.26133E~C2 0.114E-03
0.26379E~-(2 Cal112€E-03
0.24633F=-02 C.l1CAE-03
0.23%606--02 0.102¢-03
0.237328-02 0.102E~03
0.23676E-0:2 0.103£-03
0.22912€E~012 0.101E~D3
0,22900€6-02 C.101€-03
0.22331E-(G2 C.SG4E~0%
0.21828E=02 0Q.,987E~04
0.21371E-12 Ce944E-04
0.21624E=02 0.975F-04
0.21627E-002 C.973E-04
0.21129€E-02 0.928C-04
0.21288E=02 0.960F-04
0.214906E=12 C.G60E=0%
0.21230€~02 C.955E~04
C.2C995E~02 0.953E~04
0.,21150E~02 C.Y2UE-04
C.21ET72E~12 C.9G3E~04
0.16008E-62 C.995E-04

F=0.04%287 IN RATIO

CREEN

S5e
22,
3t
47.
564
63,
70.
76,
82.
87.
92.
97.
99,
96,
99,
96.
99.
55,
G55,
S$S,
99.
9¢.
99,
99.
99,
99.
5Sa
99,
§Se
99,
99.
56,
99.
99,
99.
99,

1.48
1e44
1.47
Le45
1.48
l.46
le43
1.‘7
le45
1.43
l.‘b

[ 3

0.0479
0.0465
0.0475
0.0468
0.0479
0.0473
0.04061
0.0475
0.0469
0.04064
0.0471

T2

29.64
29.76
29.73
29.82
29.75
29.79
29.71
29.79
29.71
25.85
29.78

THETA

0.073
0.083
0.080
0.088
0.C82
0.087
0.079
0.086
0.C79
0.C91
0.085

oTH

0.028
0.027
0.027
0.027
0.028
0.028
0.028
0.027
0.028
0.627
0.028



0eT

RUN 073077=2 se% DISCRETE HOLE RIG *#%% NAS«3=14336

Teges 22.14
FHC= le14S
Cpa= 1C15.

#418CC hSL

FL2TE x
1 127.8
e 132.8
2 1217.8
4 143.0
£ 148.1
¢ 1%3.2
7 1%u.2
8 1¢63.3
S 1¢tB.4

1¢ 173.5
11 178.6
12 1e3.¢
12 137.5
14 1¢C.1
15 192.7
1¢  165.4
17 168.0
18 2C0.6
1§ 2(3.2
2C 2(C5.8
1 2Ce.5
2z Z11.1
2 213.17
24 21¢6.3

£ 2)8.6
2¢ 221.6
21 ZZ4.2
¢€E 22¢.8
29 229.4
3c 2132.C
31 224.6
32 231.3
22 236,96

34 242.5
S 245.1

3¢ 247.8

OfG €
KG/M3
J/KGK

Mz 1,50 P/D=5 THal wW/VCF(QPTIMUM)#2%

FEX
0.731CSE
C.76266€
C.79423E
0.82519¢
0,E51T2¢E
0.88863F
C.42C50¢
0.652CLE
C.S58363¢F
0.10152F
0.10468€E
0.10783E
0.11C23E
0, 1118¢F
0.11344E
0.11512¢
0.11C75E
0.11828E
C.12CC0F
0.121¢3E
C.12525E
0.124€8¢€
C.12651E
C.12814E
C.12G71E
C.13140€F
C.133(¢c
C.134E5E
C.13L28E
0.137S0E
0.13953¢
O.l4116E
Ce l4219E
0.14442E
0. 149¢6C5¢
0.147¢7¢€

UINF=
VISCm 0,16196E=04 M2/S

PR=

06
06
06
].3
06

10
44,26
44,15
44,18
44,20
44,20
44.2C
44,15
44,22
44,117
44,20
44,11
44,18
44,22
44,32
44,32
44,54
44.54%
44,54
44,49
44,49
44,45
44.45
44 .45
44,41
44,49
44,34
44.51
44,52
64,41
44.5%
44.52
44,43
b4, 4]
44,22
44,32
44,32

LACERTAINTY IN REX= B8B649.

10.06 M/§

0.716

REENTH
0.13669E
C.14453E
0.29378E
0.43630E
0.57909€
0.72331E
0.86681E
0.10037€
0.11513E
0.12948¢
0.14358E
0.157TESE
0.17196E
0.17223E
0.17243E
0.17274E
0.17293€
0.17322€
0.17345¢E
0.17369E
0.17394E
0.17418E
0.17443¢E
0.17468E
0.17494E
0.17519E
0.17545E
0.17572€E
0.17598E
0.17625E
0.17652E
0.17680E
0.177CTE
0.17735¢E
0.17763E
0.17790E

STANTON NUMBER DATA

TINF= 32,09 OEG C

XYQ= 10.1 CM
STANTCN NO DsY
0.24629E~-C 0.106E=03
0.25063E=~02 C.107E-03
0.26259E~02 0.111€-03
0.31120E-~02 Coll3E=03
0.3C696E~C2 0.112€~03
0.28442E--C¢ Col110E-03
0.24467E-0 0.106E-03
0.22243E~02 04104E-03
C.21050E~GC2 0.103E-03
0.21066E-02 0.103E-03
0.17117€-02 C.100E~03
0.17666E~02 0.1C0E-03
C.17646E-C¢ 0a791E-04
0.15737F-02 0Q.786E-04
0.16523€E-02 0.,768E-04
0.14477€E-02 0.719E-C4
0.14305€~02 0.720E-04
0.14443E~02 C.714E-04
0.14229€-02 0Q.68BBE-04
0.14G30E-02 C.711E~04
0.15070E-02 C.720E-04
0.15200E=C2 C.740E~-04
0.155328-C2 C.754E-04
0.15420E=02 C.751E~-04
0.15053E-028 0.7656-04
0.15456E=C2 0.739E-04
0.161526~C2 0.77BE~04
0.16353E~02 C.756E-04
Q.15661F=0 0.747E-04
0.16595€E-02 O0.797E~04
C.170026-0.! C.801E-04
0.164026~C2 O0.790E~04
0.17041E-02 0.803E~04
0.166366~Ct  C.TT7E-04
C.17335E-02 C.B847E-04
G.15044E-C Q.858E-C4

UNCERTAINTY IN F=0.05287 IN RATIO

OREEN
S5e
42,
1.
90.
107.
121,
133,
145,
156.
166,
175,
184,
189,
189.
189,
189.
189,
189.
186,
189,
189.
182,
189,
189.
189,
189.
189.
189/
189,
189.
189.
189,
189.
189.
189.
189.

" F

1.41
1.36
1.35
1.36
1.35
‘.031'
1.35
1.37

0.0457
0.0439
0.0438
0.0440
0.0438
0.C435
0.0437
0.0444
1.36 0.0440
1.38 0.0447
1.38 0.0446

Y2

43.85
43.71
‘3'75
43.86
43.93
43.90
44.02
43.88
43.86
43.80
43.82

THETA

0,976
0.961
0.963
0.972
0.978
0.579
0.984
0.976
0.972
0.975
0.9170

DTH

0.026
0.025
0.025
0,025
0.026
0.026
0.026
0.026
0.025
0.026
0.026



TeT

PUN GT3CTT=1 2o% DISCRETE MOLE RIG #99 NAS=3=14336

$04180C HSL Me],5C $/0=5 THe W/VCFIOPTINUN)ete

RUN 073C77=2 oo CISCRETE HOLE RIG #¢¢ NAS~3~14338

#0e18CC HSL Me1,50 P/D=S THs]l W/VCF(OPTIMUM)ese

STANTON NUMBER DATA

STANTON MUMBER DATA

LINEAR SUPERPOSITION 1S APPLIEC YO STYANTON NUMBER DATA FROM
RUN NUMEERS 073077=1 AND 073077=2 10O OBTAIN STANTON NUMBER DAYA AT THa0Q AND:THs]

PLATE PExcCL

1 74C422.1
2 T172402.4
3 8C6272,.7
& 8346342.0
S  £68313.3
6 50Cz82.6
T 922251.9
8 9¢4724.3
9 9961946.6
1C 1C28164.0
11 1C6€135.0
12 1c921Ce.C
13 1116¢C2.0
18 1132067.0
15 1146232,0
16 116507¢.0
17 11eds21.0
19 1158€6¢.0
19 121%35¢.0
0 1231€15.C
21 124824C.0
22 126414%,0
23 1281299.0
4 12677%4,0
25 1214295.0
26 133CTe2.0
21 1347228.0
20 13£3€93,0
9 126€151.0
39 139££22.0
I 1413CE7.0
32 1429€31.0
13 }44o12¢.0
34 14E2¢41.0
35 1479105.0
36 145%557C.0

RE DEL2

1384.3
146142
1547.8
1649.8
1762.¢C
1881.4
20c2.1
2123.0
2239.2
2359.6
2679.9
2592.9
2681.6
2738.1
2792.1
2842.C
2887.2
2931.3
2972.8
3013.3
3054.0
3063.9
3132.9
317).4
3208.9
3245.5
3281.8
3318.3
3354, 4
3350.2
3626.2
3406241
3497.6
3533,0
3569.0
3602,3

ST{THa0}

0.002420
0.002389
0.002013
0.CC3388
0.CC3629
0.CC3844
0.CC3702
0.003866
€.GC3357
C.CCa4139
C.C03385
0.C026481
0.0030 24
€.CC3230
0.003328
C.0C2730
0.002753
0.002587
0.CC24649
0.002466
0.06024175
0.CC2368
04002363
0.C02302
0.002244
C.C02156
0.002217
0.€C2210
0.002164
0.002176
C.C021%4
0.0C2167
0.002139
0.002157
0.CC22¢5
0.C01839

REXHOT

731093.6

762660.6

794221.8

825794.8

857361.9

884929.,0

920496.1

9520063.1

983630.3
1015197.0
1046764.0
1078331,0
1102322.0
1118579.0
1134836.0
1151172.0
1167508.0
1183765.0
1200022.0
1216279.0
123253¢.0
12481793.0
1265050.0
1281386.0
1297722.C
1313979.0
1330236.0
1346493.0
1362751.0
1379008.0
1395265.0
1411600.0
14271936.0
1444193.0
1460450.0
1476708.0

RE DEL2

1366,9

1445,3

29712.7

445245

5930,.7

Tall.S

4877.3
10323.6
1113
13238.0
1468646
16151.1
17599.,0
17€25.4
17650.8
17675.4
17693.6
17121.8
17744,17
171767.9
17791.9
17816.1
17840.7
17865.5
17890.5
17915.5
17940.9
1786745
17993.9
18C20.2
18047.3
18074.6
18101.9
18129.3
18157.4
18184.0

ST{TH=1)

0.002463
0.€02509
0.002923
0.003101
0.003051
0.002818
0.CC2421
0.002193
0.002083
0.002052
0,001665
0.001712
0.001712
0.C01527
0.001605
0.001411
0.001444
0.001412
0.C0139%
0.001465
0.C01479
0.001496
0.C01530
0.C01520
0.001546
0.C01527
0.001598
0.C01670
0,001580
0.001645
0.001686
0.G01666
0,C01692
0.0016481
0.001771
0.001495

ETA

yuuuy
ke
0.03C
0.084
C.156
0. 267
0.346
0.433
0,387
0.504
0.508
0.535
0.528
0.527
c.518
0.483
0.e?5
0.454
0.431
0,406
0.402
C.368
0.353
0.340
0.311
0.305
0.279
0,244
0.270
0.244
0.232
0.231
0,209
0.221
0.197
c.187

STCR

1.000
0.973
1.166
1.331
1.666
l.561
1.532
ll63l
le 444
1.734
1.475
1.592
1.7C6
1.561
1.541
1.363
1.338
1.270
1.246
1.216
1e243
1.180
1.150
1.167
1.124
1.130
1.094
1.076
l.102
1.107
1.097
le124
1.107
1.088
l.111
1.093

STANTCN KUMEBER RATIO BASED OMN EXPERIMENTAL FLAT PLATE VALUE AT SAME X LOCATION

STENTON AUPRER RATIO FOR THa=l 1S CONVERTED TO COMPARABLE TRANSPIRATION VALUE
LSING ALCGIL & B)/8 EXPRESSICN IN THE BLOKN SECTION

FaCOL

0.0000
0.0479
0.0465
040675
0.0468
0.0479
0.0473
0.06461
0.0475
0.0469
0. 0464
0.0471

STHR

1.000
1.022
1.160
1.219
1.215
lel44
1.002
0.925
0.885
0.6860
0,726
0. 740
0.806
0.738
0.743
0,705
0.702
0,693
0. 769
0.722
0.743
0,765
0,744
0.771
0.774
0.786
0.789
0.813
o. aD~
0.837
Q.843
0,864
0.875
0.848
0.892
0.889

F-HOY

0.0000
0.0457
0.0439
0.0438
0.0440
0.0438
0.0435
0.0437
0.0444
0.0440
0.0447
0.0446

LOGh

1.000
6.29%
6.200
62335
6,404
62340
6.119
6.063
6.075
5.929
5.855
S5.845



ZeT

RFULGB2277 VELOCITY AND TEMPERATURE PROFILES

FE> = Q0,1%5261F 06 REM = 519. REH » 641,
XVC = 106.45 CM DEL2 = 0.072 CM DEN2 - 0.090 CM
LINF = 11.23 M/S DELS9= 0.548 CM  DELY99 = 0.628 CM
VISC = C.15688F~C4 M2/S ODELL = 0.156 C4 VUINF = 11.25 M/S
ECRT = 3 H = 2.153 visc = D.15750E-04 M2/$
XLCC = 127.76 CM CF/2 = 0415450E-02 TINF n 23.53 DEG C
TPLATE = 37.07 DEG C
Y(CF)  Y/DEL U(M/S} UJVINF Ye U+ Y(CM)} TI(DEG C) TBAR TBAR
C.C25 C.046 2.60 04,231 7.1 5.88 C.0127 34,85 0.164 0.836

0.C28 0.0¢9 3.17 0.282 10.7 7.18 0.0178 34.80 0O.lo7 0.833
€C.C(51 C.093 3.52 0.314 14.3 1,98 0.0279 34.74 0.172 0.828
C.Cts C.l16 4.02 0.358 17.9 9.12 C.04006 34.68 O.176 0.824
C.C?6 C.139 4,41 0.393 21.4 9.99 0.0610 34,22 0.210 0.790

C.(89 C.l¢€2 helh 0.422 25.0 10.74 0.0737 33.34 0.272 0.728
C.1C2 C.185 .16 0.460 28.6 11.70 0.0864 32.51 04337 0.663
C.114 0.2C8 .50 C.489 32.2 12.45 0.0561 32.03 0.372 0.628
C.127 (€.222 5.53 0.528 35,7 13.42 0.1118 31.26 0.429 0.571
C.140 0.255 6.24 0.556 39.3 14.14 041245 31.00 0.448 04552

c.152 0,218 6.57 0.585 42.9 14.87 0.1499 30,10 0.515 0.485
C.178 0.324 T7.26 0.646 50.0 16.44 0.1753 29,34 Q.57 0.429
Ce2C3 C.371 7.806 0.700 57.2 17.81 C.2134 28.36 0.643 0.357
€.229 0.417 8.42 0.750 64.3 19.07 0.2388 27.53 0.701 0.299
€224 C.4¢3 6.89 0.792 71.5 20.14 0.2642 26494 0.748 0.252

€C.239 C.5CS 9.426 0.825 18.6 20.98 0.2896 2630 04791 0.209
C.230 0.602 9.87 0.879 92.9 22436 0.3217 25.65 04844 0.156
C.2¢8 C.672 10.24 0.912 1C3.6 21.20 0.3785 24.89 0.900 0.100
C.432 C.787 10.72 €.955 121.5 244,29 044293 24.37 0.937 0.063
.45 C€.9C3 10.68 0.977 129.4 24.87 Q.4674 24.10 0.658 0.042

C.£59 1.C19 11.14 0.992 197.3 25.23 0.5055 23.93 0.97} 0.029
C.€22 1.135 11.23 1.000 175.1 25.44 C.5690 23,73 0.982 C.018
0.632 23.66 0.990 0.010
0.696 23.61) 0.955 0.005
0.759 23.5T 0.597 0.003

0.823 23.5% 04999 0.001
0.8b6 23.5% 1.000 C.000




eel

RUN 082277

*s% CISCRETE HOLE RIG #4® NAS=3=14334

TaC8= 23,38 CFG C
fF(= 1,154 KG/M3
(p= 1613. J/KGK

#ee530 FSUL
PL2TE X
1 127.8
& 122.8
3 1371.9
4 143.C
£ lad.1
¢ $2e
T 148.2
8 1¢3.3
S leg.s
1¢ 173.5
11 178.¢
12 182.6
12 1¢7.5
14 1¢C.1
18 162.7
1€ 16%.4
17 1s8.¢C
18 2CC.¢
16 203.2
2C 2C5.¢8
21 iC8.¢
22 211.1
22 213.1
¢4 216.3
£ 218.8
26 221.6
21 Z24.2
28 z2¢.8
2% 229.4
2 232.C
31 234.6
3z 227.3
33 229.9
34 242.5
€ 245.1

w
Lol

247.8

UTNFe
VISC 0415731E=04 M2/S

PR=

FLAT PLATE P/Da5uses

REX
C.16C86E
0.16756€
0.,23422F
C.271C4E
C.20111F

e 2445GE
0.38122¢
Ca417S5E
C.a546AE
C.4514CE

«52813E
D, C6L4ELF
C.E9211F
C.tllunf
C.630¢0E
C.tayeUE
0.L6ELLE
Cob6BIb2E
0.72¢44E
C.T72535€
D.74420F
0.76314E
C. 732C4FE
C.d0110E
C.e2C1CE
C.335C2E
0.P5763F
0. E70E5E
D.89576E
C.514068F
C.93389E
C.G52¢L0E
0.S71¢CE
0.990%2E
C.1CCS4E
0.10283E

06
ot}
06
06
06

T0
36.12
36.88
3€.T1
36.74
de. 80
3¢.80
36.76
3t 71
36465
3€.53
3¢.171
36.72
35.¢0
35.41
35.41
35.62
35.62
35.¢€2
35.60
35.62
35.6C
35.¢2
35.58

5‘62
35.7C
35.52
35.15
35.85
35.1C
35.62
35.61
35.177
35.77
35.52
35.70
35.120C

11.37 M/S

0.716

REENTH
0.64822E
0.75366E
C.86762E
0.97487E
0.10794€
0.11815E
0.12826E
0.13810E
0.14768E
0.157T12€
0.16631E
0.17528¢E
0.13166¢
0.18608E
C.15031E
0.19450E
0.19858F
0.202¢5¢E
0.20672€
C.21075¢€
0.21480¢
0.21880¢t
0.22281€F
G.22680E
0.230B7¢
0.23481E
0.23877¢€
0.24284E
0.2464806E
0.25078E
0.25472E
0.258064€
0.26252¢
G.26639¢€
0.27030E
0.27393E

STANTON NUMBER DATA

TINFs 23,33 DEG C
Xy0= 105.5 CM

STANTONNO

C.30324E~02
0.29314€-02
0.29522€~C2
0.28886E=02
Co27564E~C2
0.27715€~02
0.273CBE~(2
0.245308E-C2
C.25E7TE=C2
0.25512F=02
C.24550E~C2
0.24303F=C2
0.22481E-C2
0.21872E=C2
0.228756=C2
0.21331E-02
0.21753E~C2
0.21705€~02
C.2C81CE~C2
0.21164E=02
C.210206~02
0.21264E=-02
0.216176-02
0.20829€~C2
0.212186-02
0.2C461E~C2
0.213456-02
0.21689E=02
0.20714E~C2
0.20706€=02
Co2CS34E=C2
0.20463E=-02
0.2C451E-02
0.20462E-C2
Ca2C775L=02
0.17563E~02

DST
0. 934E=04
0.886E=04
Ce892E=04
0.884E=04
0.B873E~04
0.871E~04
0. 869E=04
C.863E=04
CeBL3E-04
0.866E-04
0.848E=-04
CaB45E-04
C.B32E~-04
0.8926-04
0.9006E~04
C.BIGE~C4
C.B79E-D4
0.876E-04
0.835E~04
C.B6TE~04
C.8456~04
C.861E-0%
0.B74E=04
0.854E=04
0.873E-04
0.825E-04
0.8726~04
0.885E=04
C.824E~04
0.853E~04
0.859E~04
C.H837E-C4
0.844E-04
C.HI5E=~D%
0.8B68E~0D4
0.8706~04

OREEN
Te
8.
8e
8.
9.
Se.
9.

lo.
10.
10.
10.
11.
11l.
11.
il.
11.
11.
ll.
11.
il.
11.
ll'
11.
i1,
11.
12.
12.
12.
12.
12,
12,
12.
124
12.
12.
12.

ST{THED)
0.30653€E=02
0.29418E=-02
0.28431E=~02
0s27615E~02
0.26922€E-02
0.26322E=02
0.25794€-02
0.25324€~-02
0.24501€~-02
0.24517E~-02
0.24166E~02
0.23844E~02
0.,23615E~02
0.234467E-02
0.23324E-02
0.23186€~-02
0.23353€E~02
0.22925E~-02
0.22600€-02
0,22680E~-02
0.22564E~02
0.22451E~02
0.22341€-02
0.22234E-02
0.22130E~02
0.22029€~02
0.21931€E~02
0.21836E=-02
0.211743E-02
0.21652E~02
0.21564E-02
0.21477E~02
0.21392E-02
0.21310E-02
0.21230€~-02
0.21151E-02

RATIO
0.989
1.013
1.038
1.046
1.039
1.053
1.059
1.039
1.039
1.041
1.016
1.019
0.952
0.932
0.981
0.920
0.944%
0.947
0.913
0.960
0.932
0.947
0.968
0.937
0.959
0.929
0.973
0.993
0.953
0.556
0.971
0.953
0.956
0.961
0.979
0.830

]



eT

PUN C82377=) #*#* DISCRETE HOLE RIG #%% NAS~3=14335

TACes 22,27 0tC C

FHG=
CPs

1.182 KG/M3
1C12. J/KGK

*895CC HSL M20.4 P/D%S THaC W/VCF(CPTIMUM ) #ae

PLATE x FEX
1 127.8 0.164C2€
2 132.8 (.20147€
2 127.6 C.23862F
4 143.0 0.27¢27E
£ 148.1 0.313E2€
€ 153.2 e 2512¢F
T 158.2 C.3Eb11E
e 163.3 0.42¢1¢F
S 1éR.4 C.4b3E]E
1¢ 173.5 0.521CeE
11 178.8 0.53850E
le 183.¢& 0.57565F
13 187.5 0.60441E
14 15C.] 0.€2370€
15 162.7 0.64265E
16 155.4 0.E6236F
37 158.0 0.¢8174E
18 200.6 O0.I101C32F
16 2€2.2 C.T2C31LFE
2C 2C5.8 0.1739¢&0€
21 2CE.% GC.156E9E
2z 21141 C.17F11IE
21 213.1 C.197644E
24 21€.3 C.Plo84F
£ 218.6 C.P3¢£22E
2¢ 221.& C€.85550F
27 224.2 0.87471¢E
ZE Z2¢.E 0.B94CTE
29 2z9.6 C.S1334F
3C 222.C 0.532¢5E
31 224.& 0.951S53F
32 237.3 0.97T131€
32 236.9 (C.990069F
34 242.5 0.101COE
3T 245.1 0,16263F
3¢ 247.8 0.104ch5¢

UINF=
VISCs 0.,153T76E~04 M2/S

PR =

06
06

T0
37.11
27.1¢&
3T7.2%
37.C5
37.16
37.2C
37.1¢
37.14
37.C5
37.C9
37.1¢
37.11
3¢é.1¢C
35.98
35.58
36.25
36.25
3¢£.25
35.25
3e.27
36.25
36.27
3¢.19
36423
36.33
36.13
36.34%
36.46
36.27
3€.55
3¢.50
3¢.28
36.24
Jé. 12
3¢.29
36.29

LNCERT2INTY IN REX= 1985,

11.33 MW/S

0.T16

REENTH
0.66066¢E
0.76627E
0.95972¢
C.11607E
0.1356GE
0.154G3E
0.1733CE
0.19196¢E
0.20924€
0.22691F
0.24164€
0.26169E
0.27721¢
0.28152€¢
0.28575¢E
0.28384E
0.29377€E
C.29175¢
0.30165E
0.30558E
0.3095GE
0.31337¢
C.31736¢
0.32132F
0.32525E
0.32916E
0.33313E
0.33724¢
0.34130E
C.34524¢E
0.34922F
0.35319E
0.35710E
0.36103E
0.36503E
0.364877E

03
03
03
04
04
04
C4
04
04
04
Ca
04
04
04
04
Q4
04

04’

STANTON NUMBER DATA

TINFa 23,21 UEG €

Xy0= 105.5 CM
STANTCN NO DSY
0.27656€E=C2 0.835E=04
0.28586E~C2 Ca.840E=-04
Ce25222E=C2 0.843E=04%
0+29982E=02 0.857E~04
0.28371E~02 C.B83HE-04
0.28148E~02 C.B834E--04
0e25040E~-02 0.814E~04
0.24428E~C2 0.805E~04
Cs2349776~C2 0.802E-04
0.226076~C2 0.TY%E~04
0.22427€~C2 C.740E--04
0.220936-02 0.793E-04
0.23GELE~C2 0.B42t-04
0.21522E~02 0.B8606E-04
0.22254E-C2 C.B6HE-04
0.20099E-02 O0Q.816E-04
0.20630£-02 0.B23E~-04
0.20€50E=-C2 C.B825E-04
0.19257€~-02 O0.786E=04
0.20854E-C2 0.822E~04
0.19765€6~02 0.788E~04
0.20326E-C2 C.B20E-04
0.20987E~02 C.835E~04
C.20C89€~-02 C.812E~04
0.20552€E-02 0.835E-04

«20C19E=C2 C.794E~04
0.21032€~C2 C.843E-04
0.21599E~02 C.867E~04
C.2C453E~C2 0.797E-04
0.203376~-C2 0.B33E-04
C.20534E-C2 C.B30E~04
0.2016J0€6~-C2 Q.812E~-04
0.20287E-02 0.820E-04
C.20432E-02 €.B800F-U4
C.20974E~-02 0.855E~04
C.lTI171E~C2 C.861E~04

UNCERTAINTY IN F=0.05169 IN RATIO

DREEN
4.
Te

12.
15.
17«
19.
21.
23,
25,
27.
28,
30.
30.
3c.
30.
3c.
a0.
30.
30.
30.
ac.
30.
30.
J1.
31.
3.
3l.
3l.
3l.
.
)
3l.
3l.
al.
31.
3l.

0.43
0e44
0.44
0.44
0.42
0.45
0.43
0.45
0.44
0.45
0.43

3

0.0139
0.0144
0.0143
0.0141
0.0137
0.0147
0.0138
0.0145
0.0143
0.0145
0.0140

T2 THETA

25,50
25456
25.44
25.52
25.46
25.54
25.48
25.50
25.43 0.160
25.60 04171
25.62 0.173

0164
Oe 167
0.160
0.1606
0.161
0.167
0.163
0.166

OTH

0.022
0.022
0.022
Q.022
0.022
0.C22
0.022
0.022
0.022
0.022
0.022



SET

RUN 082377=2 #ee CISCRETE HOLE RIG #*** NAS=3=14336
TINF= 23,67 DEG C

TACS= 23.73 DEG C
RHCs  1.180 KG/M3
CPe  1C13. J/KGK
09050C HSL
SLETE  » HEA
1 “127.8 C.16372E
2 132.e 0.20110€
2 127.9  0.23848E
4 143.C 0.27586E
€ 148.1 C.31324F
6 153.2 0.3u0¢1E
1 1%8.2 0.2K765F
€ 163.3 0.42427F
S 1t8.4 0.46275€
1€ 172.5 C.5C0CI12E
11 174.6 0.537v1F
12 1€3.6 0.57485¢
12 1€7.5 C.&033GE
14 15C.1 0.0225%€ .
15 152.7 C.tal&CE
16 195.4 0.66114F
17 156.C C.68C46E
18 2CC.6 0.69G71E
1S 2C3.2 0.718S8E
20 Z05.8 0.73823E
i1 208.5 C.T5748E
i 21141 C.T76T3E
27 213.1 C.155GEE
24 216.3 0.£1533€
25 218.9 0.834¢t7F
26 221.& 0.8536E
27 224.2 0.87317T€
28 22¢.8 0.85242F
25 229.4 C.SIICTE
3¢ 232.C C€.93C92F
31 234.6 C.95CL/E
32 237.3 0.96952€
13 226,56 C.5BH8¢E
34 242.5 0.10381E
£ 245.1 0.10274E
36 247.8 0.10464E

MzCob P/Da5 THe)l W/VCF(OPTIMUM)#sw

UINFe
VISC= 0,154176-04 M2/S

PR =

T0
40,07
4Ca22
40.19
40.15
40.17
4C.19
4C.15
40.24
40,24
40,19
4C.18
4C. 15
38.86
38.61
38.61
38495
38.55
38.55
38.34
38.34
38.30
38.23
38.17
38.23
38.25
38.06
38.25
38.30
38.13

38.24

38.22
38.17
3e.17
37.52
38.C8
38.08

LNCERTAINTY IN REX= 1G81.

11.34 M/

0.716

REFNTH
0.65974LC
0.76148E
0.13227E
C.192C3¢
0.24865E
0.30181€
0,35609E
0.41432E
0.600%9€
0.521G6E
0.57572E
C.62760¢
0.684C0E
0.485R3E
0.68771¢E
0.68970¢
0.69t 75E
C.69390E
0.69619F
0.69856E
C.7C094L
0.701336F
0.70598¢€
0,70863F
0.71130€
0,71404F
0.71684F
0.71982E
0.722719¢E
C.72568E
C.72864L
C.73161E
C.7T3655¢
0.73152¢
0.74C57E
0.7T4345E

03
03
04
04
04
04
04
04
Cé
04
04
04
04
04
04

STANTON NUMBER DATA

Xy0= 105.5 CM
STANTON NO 0sY
0.28C94F~02 0.73T7E=04
0.263426-02 0.716E=04
0.22751€~C2 0.687E~04
0.19653F=C2 Q.6b7E~04
0.17121E-02 O0.647E-04
0.158106~02 0.638E-04
0.13652E~C2 C.€27E-04%
0.12080E~C2 C.t16E~04
0.113406~(2 C.0C9E~04
0.10630E~2 0.011L-04
0.11230E~C2 Canl4E~04
0.10369F~02 0.511F~04
C.93541E-03 C.4045-04
C.95121F~03 C.481E=-04
0.10094E~02 0.484E-04
0.1055uE=C2 C.493E-04
0.11113E~02 C.51cE-04
0.113C0E~C2 0.526E-04
0.11370€E~02 C.519E~-04
0.12750E~C2 C.551E-04
0.11933E~-02 C.533E-04
0.13227€~C2 C.579E=-04
0.13598E-02 0.60lE~04
0.13454E~C2 C.56G4E~04
0.14206E~C2 C.617E~04
0.14172E-02 C.59dE~-04
0.14614E-C2 C.637E-C4
0.15989E~02 C(.470E-04
Cal4dlb6E~02 O0.611E~04
0.15212E-C2 C.652C-04
0.15492E-02 0.653E-04
0.15320E~C2 DJab44E-04
0.15212E~02 0.&47E-04
0.15,07E-02 C.634E-04
C.16056F=02 C.&B4E-C4
0.13440€-02 O0.697E-046

UNCERTAINTY IN F=0.0516% IN RATIOD

DREEN

4.
14,
24,
31.
36.
41,
46,
50.
53.
51
60.
63.
654
65.
65,
65,
65,
65.
65,
65a
65.
€5
65,
65,
65,
65,
65.
65.
65.
65.
65,
654
65,
65,
65,
65.

M F

0.39 0,0127
0.42 0.0137
0.41 0,0132
0.39 0.0125
0.40 0.0130
0.44 0.0141
0.41 0.0134
0.41 0,0132
0.41 0.0134
0.40 0.0131
0.45 0.0146

T2

40,08
40,31
40.26
40.26
©0.29
40.33
40.32
40.20
40.09
39.89
39.78

THETA

0.991
1.008
1.008
1.006
1.006
1.011
1.005
0.992
0.994
0.982
0.978

OTH

0.019
0.019
0.019
0.019
0.019
0.019
0.019
0.019
0.019
0.019
0.019



9¢T

RUR 082377=1 ®*¢ CISCRETE HOLE RIG ¢¢¢ NAS=3I~14336
94450C HSL Me0,4 P/De3 TH=0 W/VCFICOPTIMUM)ses

PUN CB2377=2 ®¢*¢ CISCRETF FOLE RIG #%¢ NAS=3=]1433§

089200 HSL P=0.4 P/0sS THal w/VCFIOPTIMUM)#ee

STANTON NUMBER DATA

STANTON NUMBER CATA

LINFAR SUPFPPOSITION IS APPLIED TO STANTUN NUMBER CATA FAON
RLN NUMBEPS 082377-1 AND 082377-2 TO OBTAIN STANTON NUMBER DATA AT

PLATE

g
N AN~ WS wN -

-
(1]

- -t e b
DD TP

WA A AR R R A R RO R
ODDa T AD WA=

[ ™}
~N -

3
34
35
3¢

REXCCL

144€22.8
2014709
238¢1S,0
27€2817,.1
313F15.2
2512€3.2
358711.4
426156, 4
4E3¢CT.6
5C1055.6
520%02.8
5759%1.8
tLasl2.4
623£98,2
£&26E2,.9
6€22¢2.%
CELT42.08
C1C2¢8.3
T2C314.1
126%56,8
19€°6%5.9
T7E171.6
767451.3
81¢£3¢L.5
B2621¢.0
8555C1.7
ET47E87.4
894C172,2
§13256%.3
§32¢64%5.0
95133f.8
$11205.9
990€85.4
10CSS75.0
1€29¢60.0
1C48%4¢.0

RE DEL2

661,0

167' l

87846

99545
1112.5
1226.8
1326.4
1439,1
1537.8
1632.4
1726.7
1820.4
1852.9
1941.2
1668.5
2C33.8
20T7,.1
2120.8
2163.4
2205.9
2248.4
2290.2
2333,0
2375.4
2411.3
2459.6
2591.1
2544.7
2587.6
2629.2
2671.2
2T13.0
27%4.1
2795. 4
2837.4
2876.4

ST(TH=0)

0.0027¢6
€.CC2903
0.C03051
€.003193
0.003054
0.C0305%
0.0C2758
0.C02684
0.C025Aa7
0.502519
0.00¢468
0.CC2532
0.03C2600
0.C024C8
C.C02485
0.002213
C.CC22¢66
0.002264
0.CC2144
0.002258
0.032144
0.002184
0.0022%8
C.CCel50
C.00219%
0.cn2127
0.002224
0.002240
0.CCz166
0.002143
0.0C2210
0.0021)19
0.CC2137
C.C02146
£.C02202
0.601861

REXHOTY

163719.9
201058,.8
23847748
275856.7
313235.6
35C614.6
387993.5
425372.4
462751.4
5CG130.3
537509.3
574883.2
603296.3
62204644
64179046
661139.9
6804683.6
699733.8
118983,6
T3E234.C
757484.4
176734.5%
795984.7
815328.1
834671.7
853621.8
873172.0
892422.1
911672.5
930922.6
950172.8
954951642
948859.8
1008109.0
1027360.0
1046610.0

RE DEL2

659.7

T6l.4
1326.7
1920.6
2481.1
3012.2
355245
4129.,2
4673.7
5207.4
5747.5
627642
6847.4
6867.0
6685.3
6504.7
6925.1
694643
6564d.2
6991.5
7014.9
7038.8
TC04.7
7090.9
T117.2
Th44.3
7172.0
7201.5
7230.9
12596
7288.9
Til8.4
1341.6
73717.0
T1407.3
7435.9

ST{THal)

0.002809
0.002632
0.0022175
0.002005
D.CC1T722
0.0C159%0
0.C01378
0.C01220
C.CC1l131
0.001053
0.001107
0.C01C06
0.000905
0. 600921
0.CCT919
0.0010432
0.CClos8
0.001107
0.CO01167
0.001255
0. COL174
0.€01305
0.c01382
0.001332
0.C01405
0.C0t4C3
0.001470
0.001585
0.001468
0.C01508
0.C0t536
0.061520
0.0C1509
0.001548
0.001593
0.001375

ETA

uvuuY
0,093
C.254
0.372
0.436
0.479
0.508
Ca545
0.563
0.582
0.552
0.603
0.652
0.617
C.606
0.534
0.520
0.511
0.456
Cobtete
0.452
0.403
0.335
0.38¢C
0.359
C.340
0.339
C.305
0.322
0.296
0.305
0.283
0.294
0.275
0.217
C.261

THs0 AND THs=s}

STCR

1.000
0.574
1.033
1.105
1.092
l.1C2
1.025
1.020
1.000
0.988
1.G05
1.042
1.156
1.101
1.086
1.037
1.042
1.043
1.0230
1.038
1.020
1.027
1.040
1.032
1.032
1.039
1.046
1.051
1.045
1.035
1.0%56
1.036
1.045
1.048
1.060
1.059

STINTON NUMAFR RATI0 BASED DN EXPERTMENTAL FLAT PLATE VALUE AY SAME X LOCATION

STANTCN AUFPBFR RATIO FUR ThH=] 1S CONVERTED YO COMPARABLE TRANSPIRATION VALUE

LSIAG ALCGIL ¢ B)/B EXPRESSICN

IN THE BLOWN SECYION

F=COL

0.00C0
0.0139
0.0144
0.0143
0.0141
0.0137
0.Cl47
0.0138
0.0145
0.0143
0.0145
0.0140

STHR

1.000
0.883
0.770
0.694
0.616
0.574
0.504
04064
C.437
0.413
0.451
O.414
0.40C3
0.421
0.428
0.484
0.56C0
0.510
0.561
0.577
0.558
0.614
0. 640
0.640
0.662
C.686
0.692
0.731
0.108
0.729
0.734
0.743
0.738
0.756
0.767
0.783

F=HOT

0.0000
0.0127
0.0137
0.0132
0.0125
0.0130
0.0141
0.0134
0.0132
0.0134
0.0131
0.0146

LoGe

1.000
2-‘1‘
2.385
2,354
2.117
2,113
24137
2.050
2.008
2,002
2.089
2.191



LET

RUN 082377=1 #** DISCRETE MOLE RIG *#® NAS=3~14336
TINF= 256,06 DEG C

T12CE= 2¢.12 CEC C

FHC=

la143 KG/M3

(ps 1Cl4. J/KGK

389500 kSL
pLLTE X
1 121.8
i 122.8
2 1371.9
& 143.0
5 148.1
€ 152.2
1 1¢8.2
E le2.2
S 1e8.4
1¢ 173,
11 178.¢
12 1t2.¢
12 17,5
14 15C.1)
15 192.7
1€ 15%.4
17 1$8.0
18 2CC.6
16 2C3.2
2C 2(5.8
21 Z08.%
22 211.1
22 213.7
24 216.3
2¢ 21E.S
26 2z1.¢
21 224.2
2 22¢.8
2% 226.4
2c 222.0
31 224.6
2z 231.3
32 236.6
34 242.5
3% 245.1)
3¢ 247.8

M20.9 P/D=5 THaQ w/VYCFLOPTIMUM)*%s

REx
0.16171€
Cs1GBLAE
0.23556¢
Ce27248E

«3CGS4CE
Ce3432F
C.3L324k
C.42CI¢tE
0.457CLE
0.454C1F
C.53CS2E
C.L6785E
0.595¢C1F
0.€1452€F
0.03364F
C.653C4F
0.672]5E
C.t9116E€
0.7!018¢E
0.7241GE
C. 74621 E
0.76722
C.78624F
D.80E34F
0.82445E
0. E43406F
CeB8624GF
C.£0149F
0.600¢1E
0.91652¢€
0.63F54E
CaG95T64E
C.5T675¢E
C.G9%7¢E
0,10148E
Ue 1D334E

UTANF

11,62 M/S

VISC= 0.,15983E=04 M2/S

PR=

06
06
06
06
co
06

710
38.29
38.38
38434
38."0
38.38
38.48
38.40
38.40
3R.42
38.32
38.:0
38.44
37.3C
37.11
37.11
37.43
37.43
37.43
37.54
37.60
37.56
37.58
A7.52
37.56
37.66
37.43
37.12¢C
37.17
37.¢C
37.81
31.77
37.¢€2
37.62
37.33
37.52
37.52

UNCERT2INTY IN REX= 1957.

0.716

REENTH
Ca65166F
0.75647F
0.980917¢
0.122C9%¢E
0.14506E
C.16792E
0.18972¢
0.21125€
0.23215E
0.25159€
0.26078E
0.27980¢E
0.,29744E
0.30292€
0.30343E
0.31374F
0.31881¢
0.32391¢
0.323813F
0.33364€
0.33851E
0.34332€
0.39613E
0.392806E
0.35752E
0.36214E
0.36676E
0.,37145E
0.376729E
0.387648E
0.38532E
0.33994E
0,39451F
0.39911¢€
0,40371F
0.40A12€

03
03
03
04
04
04
04
04

STANTON NUMBER DATA

XY0= 105.5 CM
STANTCN NO DSY
0.208231€=-02 C(C.936E~04
0.28546E=02 J.933E=04
0.34343E~C2 0.991E-04
0.35361€-02 C.968E=-04
0.34077E=C2 C.586E=04
0.32351E=C2 C.962E-04
C.3CE71E-C2 C.953E~04
0.29710€-02 C.942E~04
0.29273E-C2 £.937E-04
0.283756-C2 C.93vE-04
0.28269E=-C2 C.935E-04
Co27C53E=02 DJ.916E-04
0.291)4E~-C2 0.10¢E-03
C.28420E-C2 0.112E-03
0.254606€-02 C.114E-03
0.26411€E~02 0.106F=-03
0.26825E~02 0.100E-03
0.26151E-02 C.105E-03
0.24B70E-C2 C.985F=04
0.25753E-02 0.101E-03
0.29392E=-02 0.999F-04
0.25L17E~-C2 C.1C0t-03
0.25386E-02 0.101E~-03
0.24352E=-C2 0.980E-04
0.24533E-02 Q.SSTE~04
0.24075E~C2 C.950E-04
0.24478€-C2 C.989E-04
C.24769E~02 0.5Y8E-04
0.23695E~C2 C.943E-04
C.24183E-C2 C.Su%E-04
0.24551F-C2 0.988E~04
0.23993E-02 C.954E-04
0.23949€E~C2 0.974E-04
0.243376-02 0.953E-04
0.24£4%6-C2 0.,101E-03
0.21127¢-+C2 C.101E~03

UNCERTAINYY IN F=0.05164 IN RATID

DREEN

4o
16,
26,
33.
38.
43.
47,
51,
55.
59.
62.
65,
bb6a
(1.
66,
(Y.
67,
&7,
67,
67.
6.
67
67.
67.
67,
&l
67.
67,
6.
67«
67
67.
€7,
67.
67,
67,

0.99
0.93
0.92
0.91
0.95
0.93
0.93
0.92
0.93
0.94
c. 90

0.0319
0.0300
0.0299
0.0296
0.0306
0.0299
0.0301
0.0298
0.0300
0.0303
0.0291

Y2 THETA

27,19 0.092
27.29 0.100
27.19 0.092
2T.25 0.097
2T.17 0.090
27.21 0.094
27.17 0.€90
27.05 0.080
25.92-0.011
27.02 0.079
21.19 0.092

OTH

0.028
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025



8tT

RUN 082377~2 %%« DISCRETE HOLE RIG #*® NAS=3-14336

Ta(e= 25.85 OEG C

P2Ca9 P/D=x5 THz]l W/VCF{CPTIMUM)®%s

RHC=  1.144 XG/M3
Cp= 1Cl4. J/KGK
889500 HSL
PLATE ¥ REX
I 127.8 0.16189E
¢ 122.8 0.15885%€
3 137.9 0.23581F€
& 142.C C.27277€
€ 148.1 0.3CST3€
€ 153.2 0.24¢¢9€
T 15e.2 «J03¢5E
€ 1¢3.3 C.42CElE
S 1eE.4 Cl4abI5HTE
1€ 172.5 0.49453¢
11 178.¢ 0.53145E
1¢ 23.¢€ e EOB4OE
3 1e7.5 e S9L54F
14 1SC.1l C.¢&1558E
15 192.7T 0.634¢1€
1€ 16,4 C.b65374F
17 168.0 O0.t72817F
18 2CC.6 0.£91G0€
16 202.2 C.71C<2E
2C 2C5.8 0.72997¢
! 2(E.% C.749CCE
22 211.1 0.15H04E
22 212.1 Q. 78ICTE
24 Z1¢.3 0.ECH2CE
2% 21¢.6 (C.82523F
2¢ 221.6 (C.B4436E
271 224.2 0.8634CE
28 22€.8 0O.by243F
2¢ 226.4 0.SGl47E
3¢ 222.C C.5235QF
21 224.6 (€.G3654F
32 237.3 C(C.G58¢LF
213 236,55 C.917174€E
34 242.% 0.99682F
3¢ 24%5,1 C.101%%E
34 247.8 0410349

UINF=
VISCs 0,15558E=04 M2/S

PE =

06

T0
40.C5
40.09
39.98
39.598
39.58
36.56
40.C7
40.07
39,42
39.92
4C.11
4C.15
3G6.16
39.01
36.C1
36.18
39.18
3G6.18
39.C8
36.1C
39.05
39.01
38.89
38.89
38.65
3. 74
38.53
36.67
38,76
38.95
38.87
38.74
38.70
38.46
38459
38.59

LACERTAINTY IN REX= 1699.

11.61 M/S

0.716

REENTH
0.65235E
0.75772¢
0.19123¢
0.30532€
O.41645E
0.52839E
0.64146E
0.75530E
C.6021E
0.96330¢E
0.10757€
0.11822¢
C.128C3E
0.12829E
0.12855€
0.12381¢E
0.12906E
0.12932E
0.12953€
0.12935€
0.13013€
0.13341F
0.13070E
0.13099E
0.1312vE
0.13160¢
0.13191E
0.13223E
0.13250¢
0.132 gyt
0.13322¢
0.13456E
0.13390E
C.13424E
0.134640E
0.13493E

UNCERTAINTY

03
03
04
04
04
04
04
04

STANTON NUMBER DATA

TINF= 25.79 DEG C

XY0= 105.5 CM
STANTON NO DSY
0.29227€-02 0.832E=04
0.27790E-02 0.81BE=-04
0.28062E~C2 0.825E~04
0.27468E~02 C.B820€~04
0.24433E=C2 CoT95E=D4
0.24)71E-02 0.7$3E-04
0.186C3E=C2 C.747E-04
0.18375E~C2 C.T40E-0%
0.18163E=02 0.752F-04
0.1402CE~C2 0.731E-04
0.14523€~02 C.722E-04
C.13879E~02 C.717E-04
0.141826-C2 C.566E=04
0.13373E-02 0.618E-04
0.13566E-02 0.613E-04
0.13054E~02 C.556E~04
C.133L0E-C2 0.605E~04
0.13690E~02 0.€15E~04
0.13738E-02 0.597E-04
0.14520E-C2 C.625E-04
0.14280E-02 0.621E~-04
0.14354E-C2  C.6536=04
0.15824t~02 0.678E-04
0.15336E~C2 C.670E-04
0.153U8E=C2  C.694E=04
C.155CUE=C2 0.672E-04
0.16647€~02 0.713E~04
C.17489E-02 0. T741E~04
0.165556=C2 C.6SUE-04
0.17309E=C2 C.742E-04
C.17S82E-C2  0.751E-04
0.17553E-02 C.739E~Ch
C.17d83E~02 C.753E-04
0.101B7E~C2 C.738E-04
C.18J16E~02 0.799E-04
C.16326E-02 0.B09E-04

IN F=0.05164 IN RATIO

OREEN
he
30.
S5t.
65,
1.
88,
s7.
105,
113,
120.
127.
132.
135,
135,
135.
135.
135,
135,
135.
135.
135.
135,
135,
135.
135,
135,
135.
135,
135.
135.
135,
135,
135,
135,
135,
135,

0.87
0.85
0.83
0.85
0.86
0.90
OIBZ
0.86
0.86
0.87
.83

F

0.0282
0.0276
0.0270
0.0276
0.0279
0.0290
0.0265
0.0277
0.0217
0.0282
0.0268

T2 THETA

40.24
40.21
40.23
40.13
«0.22
40.03
40.1C
39.88
39.88
39.68
39,43

1010
1.017
1.018
1.011
1.019
0.997
1.002
0.997
0.997
0.970
0.950

o™

0.022
0.022
0. 022
0.022
0.022
0.022
0.022
0.022
0.022
0.022
0.021



6tT

RUN 082377=] *éo DISCRETE HOLE RIGC *49 NAS-3=14335

0825CC HSL #=0.9 P/De5 THeQ W/VCFIOPYIMUK)eee

RUN 082377~2 ®e@ CISCPETE FOLE RIG #4¢ NAS=3=14336

209500 HSL PsQ.9 P/Ds5 THel W/VCFIOPT IMUNM)eee

STANTON NUMBER DATA

STANTON NUMBER DATA

LINEAR SUPERPOSITICN 1S APPLIEC TO STANTON NUMBER DATA FROM
CUN NUMPEPS 082377-1 AND 082377=-2 YO GBTAIN STANTCN NUMBEP DATA AT

PLATE

R o e st e s s Bt e e
OVB I TVMIEUNEFONB NP RSN

L L YR
NS w e

NN
0 W o~y

o
2l

32
33
24
35
16

PEXCCL

161714,8
168¢35.9
23%557,.C
27247R.2
205265,3
34632044
363741.6
4eClbz.8
457C0),9
454CCE.0
53052¢,.1
$E2647.)
5656CT.4
614621.8
62363¢€.2
$53%42.6
12144
£51163,.8
T1¢11e,
T:4G162.5
74€2€1.1
T€7221.5
TEL235.9
EC5262.4
B244645,1
€434€3,5
EE2477.8
€E14652.2
§CCLCE.9
916521.2
CIELILLS
957¢4z.1
Sl¢14e.8
§557163,2
1C14777.0
1033151.C

RE DEL?

651.7

715606

874,10
1005.6
1137.2
1263.2
1383.7
1499.%
1612.8
1722.1
1828.4
1933.8
2015.,2
20712.8
213C.7
2186.¢
2239.7
2263.2
2344.5
2364.8
2445,.¢€
2495.6
2545.5
2%54,6
2642.8
2690.6
27138.3
2186.¢
2834,3
2841.5
2929.1
297649
3023.4
3G70.5
3118.2
3162.8

ST{THx0)

0.002823
0.0C2862
0.€03505
0.C02619
0.002507
C.C02319
0.CC3210
0.€03086
0.C02031
0.C0<887
0.CC2875
0.C02834
€.C03057
0.0C2989
0.0030298
C.CC2771
0.002812
€.C02uC2
0.C02565
0.202¢85
C.CC2b48
0.092612
C.00c632
0.C02523
0.002538
0.002487
0.002524
C.CC2548
0.C024068
C.C02485
0.002523
0.002462
0.C02454
0.002494
0.002520
0.,002159

REXHOY

161887.1
198847.6
235808.1
272768.5
306729.0
346689.5
38365C.0
620610.4
457571C.9
464531 .4
531491.9
5664524
596542, 4
615577.1
634611.7
653738.6
6T72€65.6
691930,3
710934.9
12556946
749004, 4
168039.1
787073.7
806200.6
825321,6
8641362.3
86239¢€.9
882631.6
9N146b.4
929501, 1
939535.17
95866246
977789.0
996824.3
1015858.0
10344893,0

RE DEL2

652.4
1577
1901.9
302643
412067
5229.4
634l.1
7483,2
8530.5
96l4.4
10690.8
11785.5
12814.8
12839.7
120864.4
12864,9
12913.1
12637.9
12663.0
125689.0
13015.4
13C42.3
13070.6
13(59.5
13128.5
13153.0
13188.4
1322042
132%2.5
13284.5
13117.6
13350.9
13384.1
13417.9
13452.8
13485.9

ST{THs})

0.,00292)
0.002780
0.602815
0.002761
0.002458
04002420
0.001871
0, 001837
0.cotals
0.001458
0.£01429
0.001328
0.€01350
0.C01268
0.001326
0.C01244
0.001295
0.€0t309
0.001323
0.001401
0.C01377
0.C01438
0.C01539
0.C01492
0.C01549
0.C01553
0.001629
0.C01716
0.C0l6u8
0.CG1699
0.001768
0.001726
0.001760
0.C01790
0.001865
0.0016l1

ETA

uuuu
0.029
0.197
0,237
0.259
0.271
C.417
0.405
0.400
C.495
0.503
0.532
0.558
C.576
0.572
0.551
0.539
0.533
C.49C
0.478
C.480
0.449
0.415
C.409
0.390
0.375
0.355
0.327
0.324
0.316
0.299
0.299
0,283
0.282
0.2060
0.254

TH=0 AND TH=)

STCR

1.060
0,960
1.187
14253
1,254
1.168
1.175
1,173
1.171
1.131
1.171
1.1€6
1.399
l.366
1.354
1.299
1.293
1.251
1.247
1.234
1.260
1.228
1.217
1.211
1.196
1.215
1.183
1.175
1.191
1.200
1.205
1.203
1.200
1.218
1.213
1.230

STANTCA NUMDFR RATIO BASED ON EXPERIMENTAL FLAT PLATE VALUE AT SAME X LOCATION

STANICN NUMBER RATIO FOR THa) [S CONVERTED TO CCPPARABLE TRANSPIRATION VALUE
USEIAG ALOGH) ¢ B)/B EXPRESSICN TN THE BLOWN SECTION

F=COL

0.0000
0.0319
0.0300
0.0259
0.0298
0.0306
0.0299
0.0301
0.0298
0.0300
0.0303
0.0291

STHR

1.000
0.932
0.954
0.956
0.819
0.873
0.685
0.6983
0.702
0.571
0.582
0.546
0.600
0.580
0.579
0.583
0.595
0.603
0.636
0.644
0.655
0.676
0.712
0.716
0.730
0.759
0. 763
0.791
0.805
0.821
0.845
0.843
0.661
0.874
0.898
0.917

‘F=HOY

0.0000
D.0282
0.0276
0.0270
0.0276
0.0279
0.0290
0.0265
0.0277
0.0277
0.0282
0.0268

L0Go

1.000
3.920
3.932
3.931
3.938
3.98%
3.792
3.082
3.8)9
3,622
3.792
3.4615



091

PUN C8267T=1 *** QISCREYE HCLE RIG #%4 NAS=3=14336
TINFu 24,40 0OEG C

TACE= 24.46 CFEG C
RHCas  1.175 KG/M)
(Ps 1C12. J/KGK

$¢¢500 REL Mx1.25 P/D=5 TH=0 W/VCF (OPTIMUM)®&a

PL2TE X REX
J 127.8 0.16434E
¢ 122.8 0.20186¢F
3 137.9 0.23438€
4 1432.0 0.2766CE
5 148.1 0.214a4cE
€ 1%3.2 C.35163E
7 158.2 0.28%45E
€ 1€2.3 C.4206STF
S leB.4 0.4c445F
1¢ 173.5 0.50201F
11 178.¢& 0.536%3F
12 143.6 0.577C5¢
12 1€7.5 C.¢CS557E
14 190.1 0.¢t248CF
1 192.7 C.t44621E
1¢ 16£.4 C.66363E
17 iS&.C 0.t683CHSE
1€ 2C0.6 GC.70237¢
1€ eC2.2 0.721¢¢E
2 2C<.2 C.741ClE
) 206.5 C.70C34E
2z 211.1 0.17c¢6bt
23 21341 0.79¢SoF
24 21643 Q.RLPA4CE
£ 21€.9 C.8378lE
26 221.6 0.85714F
21 2¢4.2 0.8764LE
26 22&.8 0.8957¢E
26 226.4 C.S1511E
3IC 232.0 (C.S3443E
31 234.6 0.99%274E
32 237.3 Q.973)7F
31 23%.9 0.99258F
34 242.5 0.10116E
35 245,.,1 0.10312¢€
36 247.8 0.1050¢E

UINF=

YISC=

PR=

06
06
06
C6
0o

70
35.15
35.85
35.85
35.79
35.483
35.175
35.81
35.81
35.47
35.¢1
35.89
35.85
34,99
34.91
34.53
35.49
35.49
35.49
35.70
35.75
35.17
35.¢E3
35.17
35.83
35.92
35.173
3¢.C2
3€.12
35.491
Jo. 17
3¢.13
35.98
35.96
35.64
35.89
35.89

CACERT2INTY It REX= 1§8S.

11.46 M/S

0.715

REENTH
0.66222¢E
C.T74C5E
0.97466F
0.12095E
0.14423E
0.16934E
0.19381E
0.21941E
0.24341€E
C.26728E
0.2R895E
Ce31294E
0.32888¢E
0.33636E
0.34406E
0.35130E
0.35706%E
0.36401E
0.36999¢E
0.37572¢€
0.33147E
0.387C5E
0.39250€
0.3G5783¢E
0.403C5E
0.4081L7E
0.41321E
0.41926F
0.423217¢
0.42822E
0.43316E
0.43306F
0.44287E
0.44711E
0.45259F
0.45701¢

0.15516E~04 M2/S

STANTON NUMBER DATA

XY0s 105.5 CM
STANTCN NO 0STY
0,29020€~02 0.997E=04
0.30589t=-C2 0.100E-03
0.36947E-02 Q©.107€~03
0.40917E-02 0.112E~013
0.41358F=~C2 Call2E~02
0.44322E-02 O0.117E-03
Ce42762E=C2 Co.ll4t=-03
0.43638€E-~02 C.115E~03
0.42260E-02 0.113€-03
0.40139E-C2 C.111lE-03
€.393405~02 0.109E-03
0.40555E~C2 0.1L1E-03
0.40124€~-02 C.14%-~03
0.371306-C2 C.145E-03
0.42527E-C2 C.155E-03
0.32334E~C2 C.129E-03
0.3324UFE-02 0.127E~03
0.32520€~02 0.124E-013
0.29319£=C2 0.114E-03
0,29954F~02 C.115€-03
C.25480E-~02 O0.113E~03
0.201756~02 C.110€E~03
0.28154E-C2 C.109E-02
0.26985¢~C2 (C.1C6C-03
0.26970E~02 O0.107E-D3
0.25891€E-02 Q.100F-03
0.26251E~02 0.104E~03
0.260C8E~C2 G.104E~03
0.2575¢E~02 (C.9G1E~04
0.25392E-02 0.102E-02
0.25668E-02 Co102€-03
0.24962F~02 0.951E-04
0.247306-02 C.995¢-04
0.25362€-02 C.578E-C4
0.25043E-02 0.102E-03
0.21271E-C2 C.101€-03

UNCERTAINTY [N F=0.05i64 IN RATIQ

CREEN
4.
30.
52.
67.
80.
Sl.
100,
1CS.
117.
124.
131.
138.
141,
141,
141,
141,
141
148,
141.
141.
141,
lal.
l4le
141.
141,
141,
141,
14t
141.
lal,
141.
141
141,
1ele
l4l.
141

1.81
1.85
1.81
1.90
‘.76
1.84
1.83
1.83
1.80
1.84
1.717

F

0.0584
0.0598
0.0586
0.0615
0.0568
0.C596
0.0592
0.0594
0.0542
0.0555
0.0572

T2

24,79
24,86
24.81
24.85
24.83
24.89
24.81
24,83
24,75
24,81
24.64

THETA

0.034
0.040
0.036
0.039
0.038
0.042
0.035
0.037
0.030
0.040
0.021

OTH.

0.027
0.027
0.027
0.027
0.027
0.027
0.027
0.0217
0.027
0.027
0.027



i

RUN 082677=2 *ike DISCRETE HOLE RIG ##% NAS=3=14336
TINF= 26,56 0EG C

T2(e= 25.62 OEG C UIKFs 11.51 M/S
ArCe  1.16¢ KG/M3 VISC= 0.15712€=04 M2/S
(p= 1013. J/KGK PR= 0.715
489500 +SL Pa1.25 P/D=5 THa]l W/VCFIOPTIMUM)xn#
PL2TE X REX 10 REENTH
1 127.8 0.162S3€ 06 38.8¢ 0.65654E 03
¢ 122.8 0.20C13E 06 38.89 0.76722E 03
3 137.9 0.23732€ 06 3E.53 C.29408E 04
4 143.C C.27452E 06 38.86 0.51313E 04
S 148.1 0.21172E 06 38.t4 0.72436E 04
€ 152.2 C.24ES2F C6 38.84 0.93991F 04
7 158.2 0.32€¢12E C6 38.86 0.11381E 05
€ 1€3.3 C(C.42331E 0t 238.55 C.13424F 05
§ 1¢B.4 C.46C51E 06 38.91 0.15443E 05
1€ 172.5 C.45771E 06 38.70 0.17433F 05
11 178.€ C.534S1E G6 386.51 019429t 05
12 1e3.6 0.57211F C6 38.80 0.21387€ 05
12 1€7.5 (.tCC3¢F 06 37.94 0.23165E 05
14 16C.1 C.GLSG53F C6 37.85 0.23230€ 05
1S 162.7 GC.€30¢5F 06 37.85 C.23264E 05
1€ 16%.4 C.e5754E 06 38.C8 0.232917¢ 05
17 158.0 0.67719F 06 38.C8 C.23328E 05
1€ 2CC.& C.690635 06 38.08 0.23359E 05
19 203.2 O0.71550F C6 38.C4 0.23389E 05
2C 2CS.8 0.734¢60f C6 38.C4 0.23415€ 05
21 2C8.5 0.75382€ Co6 38.92 0.23450E 05
22 211.1 0.77267E 06 38.00 0.23481E G5
€2 213.1 0.76213€ 06 37.96 0.23513€ 05
2% 216.3 0.8113d4€ 06 37.66 0.23544E 05
2% 21E.5 C.83C63E 06 3E.CC 0.23576€ Q5
2¢€ 221.6 0.84919E C6 3T7.&3 0.23607E 05
21 2z24.2 C.8uASSE 06 38.G2 0.23€40E 05
28 22¢.8 0.28810F 06 38.10 0.23673E 05
2S¢ 226.4 0.9072¢F 06 37,92 0.,2370vE 05
3C 232.C C.52¢42E 06 38.11 0.2373%E 05
31 234.6 0.94557E C6 38B.C4 0.23773E 05
32 227.3 C.Sb4E2E C6 37.G2 0.23807¢ 05
32 229,9 0.6B4C7F 06 37.92 0.23940E 05
34 242.5 C.10C32€ 07 37.70 0.23474E 05
35 24%5.,1 C.10c2%FE 07 37.83 0.239C9E 05
36 247.8 0.1041%E 07 37.E3 0.23941E 0>

LACERTAINTY IN KREX= 1971

STANTON NUMBER DATA

XYO=s  105.5 CM
STANTCN NO 0sT
0.29782€E~02 0«940E=04
0.29723€-02 0.937E~04
0.34770E=C2 C.984E-04
0,35931E~-02 0.,100E=-03
0.36467E~02 0.101E=03
C.33091E-02 C.973€~-04%
0.26455E-C2 CaS528E-04%
0.252276=-C2 C(.B894E-04
C.233C5E~C2 0.881lE-04
0.26157F=-C2 0.917E~04%
C.18760E-02 0.B848£-04
0.167656=C2 C.B62E-04%
0.18749E=-C2 C,.736E-04
Col75069€~-02 0.7826~04
0.18131E-02 C4T71E-04
0.16059E~-02 0.722E-04
0.16341€E-02 C.722E-04%
0.16007€~02 0.T16E-04
0.15515E=-02 0.£856-04
0.16304E-02 C.7CHE-04
0.16149E-C2 C.7CYE~04
0.16171E~02 C.724E~04
0.16456E~02 0.733E-04
0.16282E-C2 Cs733E~04
0.16653E-02 0.74BE~04%
Col6435E=C2 C.T722E~04
0.171379E-02 C.760E-04
0.17353E=-02 0.768E-04
0.172258~C2 C.736E~04
Co17305k=-02 0.775E-04
0.17%20€E-C2 0.779E~04
C.17608E-02 0.772E-04
D.17401E~C2 Ce771E-04
0.17896E~-02 C.T58E~-0C4
C.1E143E~C2 C.Bl0E=-049
0.1557¢E~02 C.BldE~04

UNCERTAINTY IN F=0.05164 IN RATIQ

CREEN
4o
9.
102.
’3'.
155.
174.
191,
207,
221,
235,
241,
259,
264,
264,
264,
264,
264.
284,
264.
264.
264,
264,
264.
264,
264,
264,
264,
2064,
2644
264,
264,
264,
264,
264,
2t4,
26‘.-

NoF

1466 0.0537
170 040551
1.66 0.0532
1.69 0.0548
1.58 0.0513
1.68 0.0545
1.67 0.0542
1.67 0.0540
1.66 0.0538
1.70 0.0549
1.62 0.0525

T2

39.24
38.99
38.85
38.76
ig.58
38.34
38.41
38.23
38.21
37.917
37.55

THETA

1.028
1.004
1.000
0.994
0.979
0.958
0.957
0.645
0.959
0.924
0.898

oTH

0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025



4!

PUN 082677=1 #%0 QISCRETE HOLE RIGC #9¢ NAS=3=14334

094300 HSL M=1,25 P/0=5 THaQ W/VCF(OPTIMUM)ess

BLA 082677=2 #*¢ DISCRETE MCOLE RIG #»® NAS=3=1433¢

$09500 #SL Mn1,2% P/0=S THel W/VCE(OPTIMUM jeee

STANTCN NUMBER DATA

STANTON NUMBER DATA

LINEAP SLPEPPOSITICN IS APPLIED TO STANTON NUMBER DATA FROM
PUN NUMBEFS CB2677-1 ANC 0826T77-2 YO OATAIN STANTON NUMBER DATA AT ThsQ AND THs}

2
»
-
m

OB OrAdrWN»-

34
25
36

REXCCOL

1€433¢.3
«C18%¢,.9
219212.7
21¢£55.3
214415,.0
35163447
IRY456,4
426574,0
4L4k93,7
502C13.4
536¢32,1
5171C52.7
EC5507.8
CeaesC.e
644212.9
L€2625.2
683C45.7
TC23e8.3
T21(5C.6
741013.5
1€C23¢.6
1719655.9
15¢E5el.6
slazsi.e
8376814.3
ES113¢4.9
81645%.5
€5578z.)
91510%.0
§246217,8
$5375(.3
S131¢tas
9625£2.9
1€116C5.0
1C2122¢.0
105055C.0

RE DEL2

602'2

7741
9C1.0
1C047.6
1202.7
1365.8
1532.3
1697.0
1861.0
2015,.1
2t171.5
2324.6
2441,6
25171.17
294642
267C.C
2734.5
2199.3
2860.1
RI1b,. 4
2976. 8
3033.4
3088.7
3142,.8
3195.¢
3247.4
3298.5
3349.6
34C0.3
345D.2
3500.2
354%.1
3598.,3
3647.3
3696.5
374147

ST(TH=C)

0.CC2902
0.003062
0.003703
0.,004111
0.004155
0.CC4540
0.CC4338
0.004441
0,004201
0.004128
0.CC4Cl 4
0.0C4128
0.004C86
0.003781
C.CC4337
C.CC3290
€.C33383
0.€023G69
0.0C<982
C.CLC3C«)
0.6C2955
G.CC2859
0.002856
0.002736
C.CCe733
0.002622
0.5020657
0.CQ262¢
0.002605
0.0025567
0.002594
€.CG02525
0.002498
0.002562
0.00z528
0.0Q2147

REXHOT

162927. 4
200125.4
237323.4
274521.4
311719.4
348917.4
386115.4
423313.4
460511.4
437709.4
534907.4
572105.4
6003175.9
€19532.9
638669.9
657535.6
6771989.6
696346.6
7155C3.5
T1466045
753017.7
7729174, 6
792131.6
811391.4
B30631.4
849788.3
868945,.3
880102.3
927259, 4
264164 %
9455713, 4
9648213.1
9840713,1
1003230.,0
1022381.¢C
1041544,0

RE DEL2

656.5
167.3
20884,3
5005.8
7178.2
9345.7
11366.9
13491.5
15594.5
17692.6
19766.3
21872.7
23814.5
23305.3
23935.3
23904,
23391.9
24319.1
24067.0
240174.8
24103,3
24131.8
24146048
24150.0
24219.6

24249, 4.

24219.7
24311.1
2434246
24374,0
244C643
24438,9
24471.1
24503.5
243367
24567.9

ST{ TH=})

0.002978
0.C02973
0. C03481
0.C03%94
04C03645
0.003292
0.C02797
0.€02437
0.002229
0.002539
0.0011744
0.C01769
0.C01658
0.0015%8
0.C01566
0.001441
0.C01463
0.001433
0.0n1612
0.C01492
0.001480
0.C01495
0.001527
0.001520
0.C01561
0.001548
0.C0l&22
0.001648
0.C016306
0.001649
0.001714
0.0014686
0.001672
0.001714%
0.001749
0.001499

ETA

uvuuy
C.028
0.060
0.126
0.12)
0.2715
0.355
04451
0.482
0.385
0.566
0.571
0.594
0.588
0.629
C.562
0.568
0,567
0.526
0.510
0.506
0,417
C.465
0,444
0.429
C.410
C.390
0.374
0.372
0,358
0.335
0.332
0.331
0.331
G.308

0.302 .

STCR

1.000
1.027
1.254
1.423
1.486
1.638
1.588
1.688
1.662
l.618
1.635
1.698
1.817
1.729
1.85%6
1.542
1.555
1.525
1.432
1.368
1.425
1.344%
1.321
1.313
L2488
1.281
1.245
1.213
1.257
1,240
1.239
1.234
1.222
1.251
1.217
1.222

STANTCA AUVPER RATIO BASED ON EXPERIMENTAL FLAT PLATE VALUE AT SAME X LOCATION

STANYON NLMBER RATIO FOR THel IS CCNVERTED TO COMPARABLE TRANSPIRATION VALUE

USING B8LCGIL1 + B)/B EXPPESSION

IN THE BLGOWN SECTION

0.C000
0.0584
0.0598
0.0588
0.0615
0.0568
0.0596
0.0592
0.0594
0. 0582
0.0595
0.0572

STHR

1.000
0.998
1. 179
1.246
1.303
1.188
1.024
0. 926
0.861
0.995
G.710
0.728
0.738
0.713
0.685
0.676
0.672
0.660
0.678
0.686
0.704
0.703
0.706
0.730
0.736
0. 756
0.760
0.760
0. 190
0. 798
0.819
D.0824
0.618
0.637
0.842
0.354

P=HOT

0.0000
0.0537
0.0551
040532
0.0548
0.C513
0.0545
0.0542
0.0540
0.0536
0.0549
0.0525

LoGe

1.000
6.110
60612
6.670
T.063
6,590
6.609
64549
6,460
6,787
8.422
6.310



RUMN O7C677 VELCCITY PROFILE

REX

xvC

LINF
vISC
FCRY
xLcc

yicr)

0.C25
C.C28
C.C20
0.C33
C.C28

C.C42
C. (48
C.CZ3
0.(58
"CeC?1

C.C79
0.C84
0.C97
C.1(S
G.125

t.!bo
C.1€5
0.211
C.236
C.282

C.212
C.2¢3
C.4C1
C.429
C.478

C.516
C.566
C.€17
C.£81
Ce 744

C.EC8
C.8171
CeSS8
1e125
1.252

12178
) P14
1.€33
1. 1¢C
1.€687

2.C14
2e14]1
2.2¢8
24285

= 0.111S1E C7 REM = 2554.
22.60 CN DEL2 = 0.234 CM
16,79 M/S CELGS= 2.050 CM
0.15393F~04 M2/S OFtLl = 0.327 CM
3 H = 1.396
125.22 CM CF/2 = 0.10000E Ol
Y/CEL L{M/S) U/UINF Y+ Ue
C.C12 7.22 0.430 277.0 0.43
C.Cl4 7.29 0.%35 3C4.7 Q.43
C.C15 7.35 0.438 232.4 0.44
0.016 T7.59 0.452 360.1 0.4
C.C19 8.07 0.481 415.5 0.48
C.Ccl .42 0.502 4170.9 0.50
C.024 .74 0.520 526.3 0.52
C.C26 8.96 0.534 S8l.7 .53
C.C29 9.17 0.546 637.1 Q.55
C.035 S.51 0«566 1775.6 0.57
€.038 9.61 0.572 858.7 0.57
0.041 S.E86 0.587 91l4.1 0.59
0.047 10.03 0.567 1C52.6 0.60
C.C%3 10.24 0.610 1191.1 0.61
0.066 10.49 0.625 1468.1 0.63
0.078 10.76 0.641 1745.1 0.64
€C.Cs0 11.01 0.656 2022.1 G.66
0.103 11.21 0.668 2259.1 0.67
C.115 11.38 0.678 257641 0.68
0.128 11.:1 0.686 2853.1 0.69
0.1€2 11.83 0.705 3407.1 0.70
C.177 12.11 0.721 39¢€l.1 0.72
C.156 12.28 0.731 4376.6 0.73
C.214 12.46 0.744 47%2.1 Qe 74
C.223 12.67 0.755 52C7.6 0.75
0.2%52 12.81 0.763 5623.1 0.76
0.276 13.10 0.781 6177.1 0.78
C-3Cl 13.26 0-790 67.‘,1.1 0079
0.322 13.51 0.805 7423.7 0.80
C.3¢3 13.73 0.818 8lle.2 0.82
C.364 13.97 0.832 88C8.7 0.83
0425 14.18 0.844 5501.2 0.84
C.487 14.56 0.86710886.2 0.87
0.549 14..96 0.891122171.2 0.89
C.611 15,32 0.91213€56.2 0.91
C.673 15.65 0.9321¢5C41.2 0.93
C.767 16.21 0.9661172611.2 0.97
C.b89 16440 0.97719196.2 0.98
C.9241 16.55 0.98620581.2 0.99
C.983 16.t6 0.99321966.3 0.99
1.€45 16.72 0.99623351.3 1.00
1.1C7 16.73  0.99724736.3 1.00
1.1¢9 16.79 1.00026121.3 1.00

143



VA

FUN 0Q7C677

TACB= 24,16
fKkC= 1,183
(Ps= 1Cl2.

*¥& DISCRETE HOLS RIG més NAS=3=14336

DEG C
KG/M3
J7KGK

9e025CC LHSL FLAT PLATE

PLATE X
1 127.8
¢ 132.8
2 127.9
4 143.0
£ lae,l
¢ 153.2
T 158.2
8 163.3
S 168.4

1C 173.5
11 178.6
12 1€3.¢
13 1€7.5
14 16C.1
1£ 162.7
1¢ 165.4
17 158.0
1e 2CC.6
1§ 2C2.2
2C 2Cs.8
21 2CE.5
22 211.1
22 213.7
24 21¢.3
25 218.9
2¢ 2z21.6
21 224.2
28 22¢.8
25 22S.4
3c 232.0
31 234.6
32 237.3
32 236.9
34 242.%
35 245.1

3¢ 2417.8

PEX
0.1143¢E
0.11690E
0s12543E
0.13097¢
C.13¢51€
0.1%cC4E
0.14758E
0.15311¢
C.15865F
C.16419€
0.16917¢E
0.1752¢E
0.176417¢
C.18232F
C.1451 7€
C.188C4%
0.19CSCE
0.193175F
C.19¢60E
C.196G4¢4E
C.20c31E
C.20516E
C.208C1E
C.21 CObE
0.21374E
0,21¢E¢cE
0.21G44E
0.222¢29E
C.22515¢€
N.228COE
C.23C865E
0.23371E
0.236%8E
0.23¢<43E
0.2422Z8F
C.24Y13F

UINF= 16.79 M/S
VISC= 0,15407E=-04 M2/S
PR= 0.715
P/OuSska

T0 REENTH
07 36.46 0.96891E
07 3ét.44 C.28044E
07 36.46 0.45415€
07 3&.46 0.62199E
07 3¢€.4a4 0.748332€
01 36.46 0.93965E
CT 36.44 0.10913E
G 36.46 0.12383E
07 3¢.48 0.13813E
07 36452 0.15204¢
07 3¢,.50 0.16515¢
C? 36.4€ 0.17945E
or 35,137 0.18932E
07 35.18 Ca19525E
07T 35.28 0.20120E
07 35.313 C.20707F
C7 35.33 0.212817€
C?7 35,33 0.21870E
07 35.35 0.22439F
07 35.39 0.23009E
07 35.35 C.235806F
07 35.29 0.24155E
07 35.28 0.24T736E
07 35.41 0.25313€
07 35.43 0.25832E
€7 35.135 0.2644EE
07 35.51 0.27010¢
07 35.60 0.27581¢
0T 35.39 0.28151E
07 325.¢6 0.28700E
07 35.64 0.23258¢t
07 35.49 0.29811¢E
07 35.47 0.30355€
0T 35.18 0.30990E
07 35.43 0.31449E
CT 35.37 0.31979C

STANTON NUMBER DATA

TINFa 24,06 DEG C

X¥Q0= 22,8 CM
STANTONNO DST
0434396E~02 (.688E~04
0.31907€~02 C.670E=04
0.30843E=02 0.661€E~04
0.29786E=C2 C.653E~04
0.264992E-02 0.€644E-04
Ce27GT4E-C2 C.640E-04
0.26814E--02 (C.633E~04
0.262006E-02 0.5626E-04
0.,25391E~C2 Cl.621E-04
0.24803€-02 0Q.616E-04
0.24¢51E-C2 C.b61l6E=-04
0.24864E-02 0.619E-04
0.203¢0E=-C2 C.719E-04
0.20€604E-C2 C.751€E-04
C.21C58E=C2 C.775E=-04
0.20118E-02 G.T44E-04
C.20457E~02 0.754E-04
0.204176=-C2 C.753E-04
0.19473€~C2 C.717E~-04
C.2C%61E-02 O0.749E-04
0.19914E-02 0.730E-04
0.15941C0--C2 0.744LF-04
0.20730€~C2 C.756E-04
0.19663E~02 0.738F~04
€C.2C240E-02 O0.752E~04
0.163556-C2 O0.T715E~04
0.20055€-C2 C.744E~04
0.20389€~02 GC.761E-0Q4
0.19119E-02 0.695E-04
0.19329E~C2 C.730E-04
0.19744E~-02 C.735E-04
0.1%9325E~-C2 C.709E-04
G.19C093E-+02 0.720E~04
0.19020¢~-02 0.692E~04
0.15461E-C2 C.744E~04
0.17596E~02 0.756E~04

CREEN
be
6,
T.
Te
8.
8.
8.
9a
D

10.
10.
10.
10.
10.
11.
ll.
11.
11.
11.
1l.
ll.
ll.
1.
12.
12.
12.
12.
12.
12,
12,
12.
124
12.
13.
13.
13.

ST{THEQD)
0.31700€E~02
0.27932€~02
0.26279€E=02
0.25212€E-02
0.24422E~-02
0.23764E~02
0.23273E~02
0.22827€-02
0.224317&E-02
C.2206C€~02
0.21778€-02
0.21494E-02
0.21294E~02
0.21166E~02
0.21043E-02
0.20924E-02
0.20809E-02
0.206G8E=C2
0.2C592E-02
0.20489€-02
0.20389€E~02
0.20293€E-02
0.2019%E~02
0.20108€E-02
0.20019E~02
0.19933€~02
0.198506~C2
0.19769€~02
0.19690€~-02
0.19612€~02
0.19537€-02
0.19463E-02
0.19391E~02
0.19321€-02
0.19252E=-02
0.19185E~02

RATIO
1.085
1.142
1.174
1.181
1.167
1.176
1.152
1.151
1.132
1.126
1.132
1.157
0.982
0.673
1.001
0.962
0.983
0.986
0.946
0.999
0.977
0.985
1.026
0.978
1.011
0.971
1.010
1.031
0.971
0.986
1.011
0.978
0.985
0.984
1.012
0.917



Syl

fUN 070677

#42 DISCRETE HCLE RIG #%& NAS=3=14336

TalE=s 23.69 DEG C

RhC=

1.185 XG/M3

CF= 1011, J/KGK

4222500 -UFSL M=0.4 TH=0 P/D=5 N/VCFIOPTIMUM)sea

PLZTE X
1 127.8
2 132.8
2 127.9
¢ 142.0
£ 1l48.1
€ 152.2
7 158.2
g 1¢3.3
S 1lek.4

1C 173.5
11 178.6
12 183.6
17 187.5
164 190.1

S o162.7
16 165.4
171 168.0
e ¢CcC.6
16 2G3.2
2C 2€5.8
21 208.5
22 211.1
22 Z13.1
24 216.3

£ 218.6
26 221.6
21 224.2
28 2z¢.8
2¢ 229.4
2 222.¢C
21 234.6
3z 227.3
31 229.9
26 242,5
£ 24%.1
3¢ 247.8

FEX
0.11459E
0.12C13F
C. 12568E
0.13123€
0. 13£78E
0.14233F
0.147¢£7F
C.15342F
C.158G7E
0.1¢6452E
C.17CCeE
0.17561F
C.17%83E
0.182¢5€F
0,18554F
D.18841E
0.19123E
C.19414E
0.197CGE
0. 16G85E
0.202171F
0.20557E
0.2Ct43E
0.21130F
C.21417F
0.,217C2E
C.21G84E
0.222174E
0.225€60€
C.223245%
0.23131€E
0.23418E
0.,237C5¢€
C.23951E
C.24¢17F
0.245¢2E

UINF=
VISC= 0.15363E~04 M2/S

PR=

10
36425
36417
36.17
36,13
3€.15
36417
36,17
36,15
36.23
3¢.19
36.13
36.17
3€. 24
36446
3¢.61
36.83
3¢.50
36.93
3¢€.57
37.C)
36.97
37.07
36.93
37.C3
37.03
36.86
3t.cT
37.16
3¢.€8
37.16
37.14
36493
36.88
36448
36.80
36.52

LACERTAINTY [N REX=12815.

16,78 M/5

0.715

REENTH
0.97084F
0.26967E
0.51946E
0.77214E
0.10181€
0.12964E
0.1483LE
0.17136E
0.1935LF
0.21516E
0.23¢632¢E
0.25781E
0.27644E
0.29265E
0.288064E
0.29438¢E
0.29997¢E
0.30537E
C.31069E
0.31596E
0.32124¢
0.3206417E
0.33184¢E
0.33720E
0.314252¢
0.34781E
0.35311¢€
0.35365€E
C.36413E
0.36944E
0.37491E
0.38033¢
0.38571E
0.39114¢
0.39659E
0.40193E

02
03

STANTON NUMBER CATA

TINF= 23,56 DEG €

XYQ= 22.8 CM
STANTON NQO DSsY
0.33716E=02 0.668E~04
0.28502E=C2 O0.633E=04
0.29204E~02 C.638E=04
0.2p463E~C2 C.635E~04
0.27155E~C2 0.625E-04
0.25696E~02 0l.616E-04
0.25168BE~02 C.b61CE-04
0.24319E-C2 C.606E-04
C.23Ca5E~C2 0.595E-04
0.22363E~02 0.593E-04
0.22248E-02 C€.594E~04
0.21831E-02 C.550E~04
0.22599E~C2 0.798E~04
0.2C790E=-C2 0.752E-04
0.21114E-02 Ce749E~-04
0.19042E=02 C.692E~-04
0.19340E-02 C.693E-04
0.15114E~02 0.687E-04
0.180676-02 C.G50E-D4
0.18755E=-02 O0.67ZE~04
0.181926-02 0.651E-04
0.13382E~C2 0.672E-04
0.19107E-02 0.684E-04
0.18257€-C2 C.667E=04
0.18940k~02 0.688E-C4
C.18052F=C2 C.646E~04
C.19019E-02 (0.£89E-04
0.1G7CCE~02 0.716E~04
0.18636E~C2 C.0655€E~04
0.18773E-C2 0.08B8E~04
0.19209e-02 (0.656E~04
0.18085E~02 0.674E~C4
0.185156-C2 C.692E~04
0.190¢6E-02 C.605E~-04
C.15CT3E~C2 C.715E~04
0.18255E-02 0.751E~04

UNCERTAINTY IN F=0.05036 IN RATIC

CREEN

be
12,
19.
23,
27.
30.
3.
6.
3s.
4l.
44,
46,
47.
47.
‘7.
4.
47,
41.
47,
.47.
417,
47.
41.
47.
41,
47,
47.
47.
47.
47,
474
47.
47.
41,
47,
‘7.

0.45
0.44
0.45
0.41
0.43
0.43
0,45
0.44
0.45
0.42
0.43

F

0.0146
0.0144
0.0146
0.0134%
0.0140
0.0140
0.0146
0.0142
0.0145
0.0135
0.0139

12

24.96
25.03
24.99
25.10
264,95
25.07
24.97
25.00
2“96
é5.12
25.09

THETA

0.111
0.116
0.113
0.122
0.110
0.120
0.112
0.113
0.109
0.124
0.121

OTH

0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.024

i



971

PUN O

1ace=
FHC=
P

70677

23.7¢ CEC €
1.184 KG/M3
1Cl1. J/KCK

2832500 LESL Ma0 .4 TH=]l P/D=S W/VCF{OPTIMUM) #ss

FLATE X
1 127.¢8
¢ 122.8
2 1371.6
4 143.0
5 148,.1
€ 1£2.2
T 1%€.2
E 163.3
S led.4

1C 173.5
11 11e.¢
12 183.6
12 1€1.5
14 1sC.l

€ 162.7
1¢ 16%.4
17 198.0
i€ 2(C.6
1§ 2C3.2
2C 2(5.8
21 ¢08.°%
22 211.1
22 213.7
24 216.3
% 218.%
26 2zl.t
21 224.2
26 22¢.8
2¢ 225.4
3¢ 222.¢C
31 224,08
2z 231.3
23 22%.S
34 242.5
25 245,.1
3¢ 247.8

FEX
0. 11454E
C.12CC9E
0.125¢3€
O.13118E
CL.13¢612E
Cela221F
Cal4 782
0.1533¢E
C.15861E
0. 16445E
C.l17CCCE
0.17554F
Cel757¢E
O.1b62¢1E
0.185417E
C.lbb34E
0.19121€
0.194C7E
0.19¢62F
C.19673F
C.202¢3€
0,20545€
C.2C334E
Nec2llZlE
C.214C8E

0421 €64

C.21%80F
C.22265€
0.22551E
C.22L30LE
0.23122E
C.234C9¢
C.23650E
C.235E2F
C.24267E
0.24553F

UIAF=
vISC= 0.15371E=04 M2/S

pp=

07
07
o7
o7
07
07
07
07
(24
07
07
01
07
o7
07

10
40.94
4C.77
4C.81
4C. 176
4C.8)
4C.54
40.85
4C. 17
4C.179
4C.87
40.87
4C.54
4C.17
35.68
40.00
4C.03
40.C1
4C.Cl
39.92
39.65¢
36.86
36.82
39.69
35.77
39.75
39.590
35.71
39.75
3906"
36.71
36.64
39.41
39.29
38.63
39.14
3G.14

LNCERT2IATY IN KEX=12810.

16,78 M/S

0.715

REENTH
0.27046E
0.26127E
0.10359E
0.18023F
0.25%28E
0.32717F
0.39779F
0-47025E
054164
0.61182E
0.66272€
0.74313E
0.81368E
0.81014E
0.81864E
0.82111€
0.B2374E
0.82641E
0.829CYE
0.33180E
0.83471E
0.83760E
0.84071E
0.84330E
0.847C4€
0.85024E
0.85358E
0.857 ) 4E
Ce.800173E
0.86427E
0.36791E
0.87153€
0.87528E
0.87904€
0.88290F
0.886063E

02
03
04
04
04
Cée
O4
04
04
0%
04
04
04
04
04
C4
04
04
04
C4
04
04
04
Q4
04
04
04
04
04
04
04
04
04
04
04
04

#sa QISCRETE HOLE RIG #4% NAS=3=14336

STANTON NUMBER DATA

TINF= 23,66 DEG €

XYOs  22.8 CM
STANTON NO 0sY
0.33016E=C2 0.504E=04
Ce26212E=02 Co466E=04
0.22539E=02 0.44SE=04
0.18578E=C2 C.425E=04
0.15909E=C2 C.415E-04
0.13959€6=02 C.405E~04
0.123Y8E=C2 0.402E~04
0.11529F=C2 0.4ClE~04
C.10745F=C2 0.399E~04
0.58420F=C3 C.395E~04
0.543d3E~03 0.394E~04
0.84588E~C3  C.390E~04
0.86067E=03 Ca327E-04
0.85555E=C3 C,357E~04
0.89503E=03 C.362£-04
0.86982E=03 C.3556-04
0.92547€~C3 Co371E~04
0.93910E=03 0.377E-04
C.93C66E=C03 Co364E-04
0.101226~02 C.3952E~-04
0.97833E-03 0. 382E~04
0.1C463F=C2 C.410E~04
0.112356-02 0.427E-04
0.1C822E=C2 C.424E~04
0.11384E~02 0Oe441E-~04
0.11176E-C2 0.421E~04
0.120196=C2 C€.459E=C4
Ce12896E~02 0.489E~04
0.12256E~C2 C.447E-04
C.12432E~02 0.4BUE=~04%
0.12$36E-C2 C.4B6E-04
0.12756E=C2 C.4T6E-0%
0.13113E-C2 0.494E=04
0.131476=C2 C.476E=Cé
0.130256~02 C.523E~GC4
0,12253€~C2 C.539E-04

UNCERTAINTY IN F=0.05036 IN RATIO

DREEN
6.
18.
3l.
40.
“7.
53.
58,
63.
.1: N
T2.
T6.
80.
82.
82.
82,
GZI
82.
82.
82,
82.
82.
82.
ez,
82.
82.
824
82.
82.
82,
82a
82.
a2,
e2.
82,
82.
62.

0.39
0.38
0.38
0.38
0.37
0.39
0.38
0.38
0.39
0.37
0033

(3

0.0125
0.0124
0.0123
0.0122
0.0120
0.0126
0.0123
0.0124
0.0127
0.0120
0.0125

T2 THETA

0.924
0.952
0.957
0.551
0.941
0.942
0.953
0.938
0.932

39,47
39.99
40.03
39.96
39.92
19.86
39.97
39.73
39,71
39,25

39.17 0.897

0.906

OTH

0.018
0.018
0.018
0.018
0.018
0.018
0.618
0.018
0.0i8
0.018
0.018



A4

RUN 070477 o4s CISCRETE HOLE RIG #4¢ NAS~I-14336
562500 UHSL PF=0.4 THeO P/Ds% W/ VCEI{OPTIMIN)®we.

fUN CICa17

0892500 LHSL M=0.4 THal P/0s5 W/ VCF(OPTIMUM)®es

*se CISCRETE HOLE RIG ¢o% NAS=3~14334

STANTON NUMBER DATA

STANTON NUMBER QATA

LINEAR SUPERPOSITICN 1S APPLIEC TO STANTON NUMBER DATA FROM
BUN NUMBEPS OTO06TT  AND

PLATE  REXCOL

1 11450¢E,0
2 120124s,0
3 12%5¢LE21.C
4 1312757.0
5 13¢e7774.C
6 1423:5C.0

7T 1«7£127.C
8 1%5247C4,C
S 1%8668C.0
1€ 1449157.0
11 17¢C¢33.0
12 17%611(.0
13 179827:7.0
4 Jroees2.C
15 1E»5412.0
16 1£84122.0
17 1612E821.C
18 1941401,0
16 1686¢12,0
2C 19¢854¢2,0
21 2C4T112.C
22 20%5%¢€82.0
23 20924254.9
a4 2112¢¢z.C
25 2141674.0
26 2311C242.0
21 2)58212.0
8 22211383.0
25 2255¢54.0
? 2284%24,C
31 2213(94.C
32 2341802.0
32 231¢%lilC
24 23¢<(F2.0
25 2447¢52.0
35 24560224.9

RE DEL2

G7.1
270+53
434.0
60C.3
T62.7
919.2

10706
1217.8
1358.7
1494.6
1628.8
1762.0
1e63.8
1931.7
1997.1
2059.6
2119,.1
2178,6
2235.5
2292.5
2349.1
24C5.1
2462, 4
2519.4
2516.C
2632.1
268843
2146417
2E806.5
2t60.9
2918.C
2575.0
3031.4
3088.3
3145.3
3201.2

07C677

ST{THa0)

0.003372
0.C02881
0.002012
0.C02981
c.CC2874
0.002768
0.00269%
0.002610
C.C02471
0.C02428
0.€024610
0.002393
C.C02479
€.C02271
0.C023C2
0.002067
0.002062
C.CC20¢4
C.C01644
0.2C2011
0.C21951
0.001563
0,0C2041
0.001943
C.202014
0.CC1913
0.002012
c.Co2C17
0.0019¢64
0.GC1976
0.002019
0.001762
0,601983
0.001994
C.CC199G
c.Col920

REXHOT

1145424,0
1200879,0
1256335.0
1311790.0
1367245.0
1422700.0
1478155.0
1533610,0
1589065.0
1644520.0
1699975.0
1755430.0
17191576.,0
1826136.0
1854695,0
1883293.0
1912C%1.0
1940650.0
1669210.0
1997769.0
2026329.¢C
2254888.0
208344%17.0
2112145.0
2140843,0
2169402.0
2197962.0
2226521.0
2255081.0
2283640.0
2312200.0
2340897, 0
2369595.0
21398155.C
2426714, 0
2455273.0

RE DEL2

97.0
260.7
1C85.9
18¢62.3
2658.8
3413.2
4$148.0
49C8.3
5649,7
6389.2
7139.4
7843.0
8561.3
8587.2
8607.8
86¢3.0
8651.0
8674,2
8697.06
8122.2
8747.6
8773.6
8801.8
8830.5
885945
8869.2
£519.8
8953.0
8586.6
9019.6
9053.7
90€8.2
9123.1
9158.6
9195.2
9230.5

TO OBYAIN STANTON NUMBER DATA AT

ST{THal}

0.C03302
0.€02600
0.002204
0.CO1804
0.C01529
0.C0!317
0.C01150
0.001072
0.00C994
0.000804
0.€00815
0.000681
0.00C693
0.0007Ck
0.C00742
0.C00739
0.000803
0. 020816
0.00C020
0.C0C9%03
0.C3C872
0.002946
0.CC1023
0.00%988
0.C019043
0.021031
0.00§113
0.CCL204
0.001145
0.0011069
0.C01215
0.Co01201
0.00123¢
0.001246
0.C0L316
0.C01L49

ETA

uuuuu
0.098
0.268
0.395
Cos68
0,524
0.573
0.589
0.598
0.634
0.662
0.715
0.720
C.691
0.678
0.642
0.616
0.605
0.578
0,551
0.553
0.518
0.499
0.491
0.482
Caé51
De¢4?
0.420
0.417
0.409
C.399
0.388
0,376
0.315
0.339
0.401

THe0O ANC THK=}

STCR

1.000
0.903
0.977
1.001
1.009
0.969
1.005
Ca964
0.973
0.976
0.978
0.962
1.185
1.102
1.063
1.021
1.023
1.011
C.948
0.983
€.980
0.982
0.9895
C.GE8
0.995
0.989
1.0C3
1.019
1.027
1.022
1.023
1.031
1.038
1.C48
1.021
1.091

STANTCN NUMBER RATIC BASED ON EXPER]JAENTAL FULATY PLATE VALUE AT SAME X LDCATION

SYINTCON NUPRER PATIO FOR THa] 1S CONVERTED TO COMPARABLE TRANSPIRATIOR YALUE

LSING ALCGIL ¢ B)/8B EXPRESSICN

IN THE BLOWN SECTION

F=COL

0. 0000
0.0146
0.0144
0.0146
0.0134
0.0140
0.014%0
0.0146
0.0142
040145
0.0135
0.0139

STHR

1.000
°n.ls
0. 718
0.606
0.537
0.471
0.429
0.408
0.392
0.357
0.331
0.274
0.331
043490
0.353
0.347
0.372
0.400
0.421
0.441
0.438
0.474
0.494
0.503
0.515
0.533
0.555
0.550
0.599
0.605
0.615
0.63!
0.648
0. 655
0.675
0.653

-F~HOT?

0.0000
0.0125
0.0124
0.0123
0.0122
0.0120
0.0126
0.0123
0.0124
0.0127
0.0120
0.0125

LoGe

1.000
24225
2.422
2.012
1.949
1.555
1.893
1.859
1.877
1.871
1.770
1.693
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